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When lighting is limited... 


When available light is limited the laboratory 
worker will appreciate the extreme speed* of the new 
Kodak film, ‘Tri-X’. 


This speed has been achieved without correspond- 
ing increase in grain size. ‘Tri-X’ is therefore equally 
suitable for macrography and microscopy, for photo- 
graphy of living specimens and for recording work with 
very fast light-spots. 


Colour sensitivity is evenly balanced throughout 
the spectrum; exposure latitude is generous. ‘Tri-X’ 
adds greatly to the scope of the camera in laboratory 
work. It is available in 35mm. miniature, 120 and 
620 sizes. 


- Kodak — 
‘TRI-X’ cium 


daylight 34° . . . 200 
tungsten 33° . . . 160 


. r : f data sheets giving 
* At an exposure of 1/25th sec., and with normal development, We have prepared a folder o p 
only about 0.0015 mcs. exposure is required to give a density of information about ‘Kodak’ films of particular interest to 


0.1 above fog. laboratory workers. Please write for your copy. 











Kodak Limited, Industrial Sales Division, Kodak House, Kingsway, London, W.C.2 
*Kodak’ is a registered trade-mark 
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This transportable direct reading : . 
instrument is designed 

for the measurement of low and 

very low resistance from 

1200 ohms down to 50 microhms. 

It. is simple to operate, 

cannot be damaged by mis-use, 

and has a very wide 

range. No batteries are 

required, and the minimal 

heat dissipation does not 


exceed one-eighth of one watt. 
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ATOMIC ENERGY DEVELOPMENTS AND MAN-POWER PROBLEMS 
IN BRITAIN 


ITHIN the limits set by security, the first 

annual report of the United Kingdom Atomic 
Energy Authority gives a reasonably full account of 
the Authority’s activities (see p. 1193). Quite apart 
from the fact that, on the technical side, much of 
this has already been made known in other ways, the 
outstanding features of the report are, first, the way 
in which the rate of progress is set by the availability 
of skilled man-power, and second, the wide range of 
research on which both the civil and military pro- 
grammes of the Authority are based. ‘Her Majesty’s 
Government”’, states the report, “‘have never hesitated 
to furnish the money needed for buildings, plant and 
equipment for the atomic energy programme : 
material shortages have never been insuperable ; but 
the difficulty of recruiting and retaining sufficient 
skilled scientists, engineers and craftsmen has been 
acute throughout the ten years of the project and 
shows no signs of becoming easier.” 

In setting this subject in the forefront of the 
report, the Authority recognizes that there is a 
national shortage of technological skill, and that it is 
in competition with industry (and notably with 
sections of industry that are themselves building up 
staff to enter the field of nuclear energy) for staff 
for its development programmes. More important 
still, it recognizes that the development of nuclear 
energy is unique in the variety of specialized skills 
which it demands. Since this demand is not at 
present being met, it is essential not merely to con- 
sider the steps already being taken to mitigate the 
shortage and the factors which may be responsible 
for the Authority’s difficulty in recruitment, but also 
the distribution and use made of scientific and 
technical man-power in Great Britain as a whole. 

The problem is, in fact, closely linked to that of 
the balance of the scientific effort of the country 
generally. The range of fundamental research, not 
only in physics but also in chemistry and metal- 
lurgy, which the efficient conduct of the Authority’s 
development programmes urgently demands, is bound 
to suggest the possibility that there may be some 
distortion of that effort in other sciences besides 
physics, on which doubts have already been freely 
voiced. As the report notes, while fundamental work 
in physics, chemistry and metallurgy is carried out 
at the Authority’s own establishments, extra-mural 
research at the universities and other institutions has 
made a major contribution to the work of the Research 
and Development Groups, while many research con- 
tracts have been placed with industrial firms. There 
is, however, nothing in the report which enables even 
an approximate estimate to be formed of the scale of 
this effort and its demands in terms of man-power, 
materials or finance relative to the nation’s resources 
as a whole. Quite rightly, the report emphasizes the 
danger that even if the programmes are fulfilled 
according to the time-tables, the inadequacy of staff 


will lead to the skimping of details that will be the 
cause of operating troubles in future and possibly 
serious waste of resources. Even with adequate staff, 
there is always serious risk of premature development 
in the conditions under which the Authority operates. 

It would be unreasonable to expect the Authority 
to discuss in this report the impact of its research 
programmes and contracts on academic or indus- 
trial research generally ; but it is disappointing to 
find that the chapter on staff gives no figures which 
would enable the magnitude of the problem to be 
assessed. The report merely states that all but a 
handful of the senior staff in the former Department 
of Atomic Energy, and most of the industrial em- 
ployees, have accepted employment under the 
Authority ; that the staff taken over on August lI, 
1954, was materially below the required level for the 
programmes then in hand; and that while the pro- 
grammes have since been enlarged, there has been no 
corresponding increase in man-power. In the Indus- 
trial Group, in particular, recruitment of professional 
and scientific staff has done no more, during the past 
eighteen months, than keep pace with wastage ; and 
the Authority is particularly disturbed at its difficulty 
in recruiting the younger engineers and technicians 
who are needed to form the base of the pyramid 
to-day and to provide the leaders in years to 
come. 

Apart from the serious national shortage of most 
types of scientists and engineers and of many tech- 
nical and craft grades, no reason is suggested for this 
failure; mor is any evidence adduced that the 
Authority is not recruiting a reasonable proportion 
of those available. It recognizes, indeed, that in 
attempting to recruit from outside the large number 
of senior staff required for its heavy new commit- 
ments, most of whom in normal expansion would be 
recruited from among its own staff, it is not easy to 
attract men who have long been settled in other 
employment and most of whom would sacrifice 
valuable pension rights on changing jobs. Here, 
perhaps, the lack of freedom of movement of the 
Authority, as compared with industry, in the matter 
of salaries may be a factor; and on this point the 
report notes that three salary bands have been estab- 
lished for managerial staff, within which officers will 
have their salaries assessed periodically according to 
individual responsibility and merit. 

The report has already been used for urging a further 
considerable expansion in the number of students of 
science and technology. That may still be required, 
but there are questions to be asked and answered 
before such expansion is justified on the situation 
disclosed by this report. Some of these questions are 
indicated in the Haldane Memorial Lecture, “A 
Scientist In and Out of the Civil Service’’, which Sir 
Henry Tizard gave last March. Sir Henry is clearly 
one of those who have doubts as to whether in 
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doubling the number of scientists and technologists 
we have increased in anything like the same pro- 
portion the number of really first-class minds. The 
report adopted by the Board of the Institute of 
Physics last July on the availability of places for 
physics students in universities and technical colleges, 
for example, emphasized that the most important 
factor determining the number of potential honours 
students of physics is that the course demands a 
degree of mathematical ability and a capacity to 
grasp difficult abstract concepts that are com- 
paratively rare. It is highly probable that for a like 
reason the main obstacle to the expansion of the 
facilities for higher technological education in other 
sciences and in technology is the availability of 
students of adequate quality. 

If this position holds, it is essential to give close 
consideration to the use which is made of the limited 
supply of outstanding talent. It follows, in the first 
place, that we cannot produce many more men 
capable, as Sir Henry Tizard puts it, of dealing with 
circumstances for which there is no direct precedent, 
whether in industry or in the public service, without 
diverting the interests of many young men from pure 
science or from other subjects. The sample survey 
of ‘‘Graduates’ Jobs” recently made by Political and 
Economic Planning disclosed that, apart from the 
universities, manufacturing industry and the Scientific 
Civil Service already take much the highest proportion 
of first-class honours men, the Scientific Civil Service 
in fact taking 11 per cent as compared with 3-6 per 
cent entering the Civil Service. The Scientific Civil 
Service, moreover, lost almost 7 per cent of its 
recruits during the four years survey (compared with 
10 per cent lost by industry). 

Now although Sir Henry Tizard does not suggest 
that there is, as a rule, a lack of sympathy between 
scientists and administrators, he is concerned at a 
lack of understanding which will continue until far 
more administrators have had a scientific education. 
At present, he pointed out, on an average only one 
scientifically educated man enters the administrative 
Civil Service by competition each year. This is 
manifestly not enough to overcome the difference in 
outlook that exists between those who have had a 
scientific education and those who have not. This 
great need for more administrators who have had a 
broad scientific education is something to be kept in 
mind, equally with Sir Henry’s remark about the 
ineffectiveness as an instrument of policy of a com- 
mittee consisting solely of scientists, and the need 
for a leaven of hardened administrators, or their like, 
in considering the expansion of higher technological 
education. It is also worth remembering, in connexion 
with the recommendation by the standing committee 
of the Convocation of the University of London on 
the shortage of science teachers, that the University 
‘should consider jointly with other universities, so far 
gs may be practicable, provision for an increase 
of science places of 60-100 per cent during the 
next five years for both school leavers and those of 
more mature age. 

A fuller understanding and more sympathy between 
the scientist and the administrator in the Scientific 
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Civil Service and in the public service generally could 
help to reduce the wastage indicated both by the 
P.E.P. inquiry and the annual report of the Atomic 
Energy Authority ; indeed, it might well make ihe 
public service more attractive to the scientist. At 
the same time, it points to the need for a reasona))le 
proportion of first-class minds on the administrative 
side as well as on the scientific and technical side, 
The need is one to be considered particularly in the 
plans for the expansion of the Imperial College of 
Science and Technology, of which Dr. Linstead 
recently spoke, and when graduates in science are no 
longer actively discouraged from the postgraduate 
study of some branch of technology. 

Since it would seem that we cannot hope ever to 
produce enough scientists or technologists of the 
highest quality, and since also the cost per student 
in such a technological institution as the Imperial 
College is necessarily far higher than the average cost 
elsewhere in the universities, it is important that the 
target for expansion of technological education in 
Britain should not be set without some consideration 
of the possibilities of diminishing the demand by 
making sure that the fullest and wisest use is made 
of the services of the graduates to be trained in such 
institutions. It may well be uneconomic to attempt 
to use such institutions for the production of 
administrators with a broad scientific education, 
though they may help to produce scientists and 
engineers qualified to fill administrative positions. 
Here, however, devices in later life, such as the 
formation of a central scientific staff, engaged only 
on studying questions of policy under the immediate 
direction of the Advisory Council for Scientific 
Policy, to which young scientists could be seconded 
for a year or two from the research establishments, 
might serve better. As Sir Henry Tizard suggests, 
such a device would soon discover if the scientist 
possessed the necessary qualities for higher adminis- 
tration. It presupposes, however, that the research 
establishments are fully staffed, apart from the 
natural reluctance of a director to spare the men 
really worth transfer. 

It cannot, therefore, be emphasized too firmly that 
every care must be taken in industry, as in the public 
services, to ensure that scientific and technological 
talent is really employed to the best advantage. 
Furthermore, granted the need for more first-class 
minds to study technology, and possibly also to some 
extent the sciences, the major need is for'more men 
of the general practitioner type who will be dealing 
with conditions for which precedents exist. Most of 
these men will come from the colleges of technology 
or the universities, and a modicum of them may well 
prove suitable for administrative or managerial 
positions ; but it is as well to remember that many 
leaders of industry have had no university training, 
and Sir Henry Tizard wondered whether all of them 
would have been better for a university education. 
On this point, Mr. M. L. Jacks has some wise words 
in his recent book, ‘‘The Education of Good Men”, 
which point to the need for further inquiry as to the 
content of technological education before the lines on 
which it is to be expanded are rigidly set. 
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What is needed meanwhile, however, is a reason- 
able estimate of the demand for the ordinary graduate 
in science and technology, taking into account the 
wastage revealed by the P.E.P. inquiry. This should 
be supplemented by inquiry into the causes of that 
wastage and into the possibility of making better use 
of the services of the more outstanding men. Such 
inquiries might enable us to plan the expansion of 
technological education more economically and to 
make wiser use of our limited resources. It could 
also suggest ways in which both industry and the 
public services could be made more attractive to the 
scientist. 

Any such estimate involves a survey of the national 
research effort, even if its present balance is accepted 
as reasonable. Whether an excessive proportion of 
that effort is already devoted to the Atomic Energy 
Authority, in spite of the vital importance of the 
Authority’s developments for our economic position, 
as well as in national defence, remains for examina- 
tion; it is a risk which might be more serious but for 
the broad basis of research on which those develop- 
ments rest. That to some extent is a safeguard 
against excessive distortion between the sciences ; 
though at the same time it increases the extent to 
which the Authority’s programmes can affect the 
direction of fundamental research in the universities 
and elsewhere. When all due allowance is made for 
the limits set by secrecy requirements, those require- 
ments, in this field at least, should be reconsidered in 
the light of the Geneva Conference last August, and 
it might well be that some adjustment might also 
facilitate recruitment of staff by the Authority. The 
scale of the effort now going into nuclear energy 
research and development in Britain, however, 
appears to be such that a broad picture of it in 
relation to the country’s effort in research as a 
whole, both fundamental and applied, should be 
presented to Parliament and the nation in a way 
that would permit well-informed and constructive 
criticism, such as Sir Henry Tizard adumbrates, and 
at an early enough stage, when facts are being sorted 
out and the pointers to future policy are being 
formulated. 

In this respect the first report of the Atomic 
Energy Authority clearly displays the need while 
supplying little information, even within its own 
field, towards enabling sound judgment to be formed 
or effective criticism made. In some respects it does 
not even indicate fully how important to Britain the 
early development of nuclear energy really is, and 
how urgent it is, from an economic point of view, 
that every effort should be made tg utilize the 
advantages she at present possesses. None the less, 
that effort and its implications, both in respect of 
man-power and materials, must be seen in the per- 
spective of the nation’s resources and effort as a 
whole; otherwise development cannot proceed 
smoothly, because by drawing to itself an excessive 
proportion of man-power or other resources, advance 
has been checked in other fields of knowledge essential 
for the development of nuclear energy itself. The 
wise development of nuclear energy requires further 

surveys such as that now being made of the work of 
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the Department of Scientific and Industrial Research. 
The Lord President of the Council carries no greater 
or more urgent responsibility than that of seeing that 
by such means, or in other ways, there is placed before 
Parliament sufficient information to enable the 
scientific and technical opinion of the country to 
satisfy itself that the research effort and the develop- 
ment work in this and other fields are in balance and 
in proportion with available resources. 


THEORY OF MOLECULAR 
VIBRATIONAL SPECTRA 


Molecular Vibrations 
The Theory of Infrared and Raman Vibrational 
Spectra. By Prof. E. Bright Wilson, Jr., Prof. J. C. 
Decius and Prof. Paul C. Cross. Pp. xi+388. 
(London: McGraw-Hill Publishing Company, Ltd., 
1955.) 64s. 

URING the past twenty-five years the infra-red 

and Raman vibrational spectra of a great 

number of organic and inorganic molecules have 
been measured. Only a very few of these have been 
considered theoretically in any detail. This is partly 
due to the difficulties involved, but partly due also, 
I think, to the fact that there has been no book 
presenting fully in one place the mathematical theory 
of molecular vibrations. This book by Profs. E. B. 
Wilson, J. C. Decius and P. C. Cross is therefore a 
much-needed one. It is particularly valuable that 
one of the authors should be Prof. Wilson, for, during 
recent years, he, together with his students, has 
contributed more than anyone else to the theory of 
molecular vibrations and to devising methods of 
handling the mathematical and numerical problems 
arising therefrom. 

The approach presented in the book is, of course, 
necessarily mathematical, and to most chemists the 
mathematics is not easy, for it involves procedures, 
such as matrix algebra, with which many are un- 
familiar. However, in this respect, the authors have 
made great efforts to help such readers. For 
example, there is an appendix of ten pages sum- 
marizing matrix notation and those procedures 
involved in the application of matrix methods to 
the problems of molecular vibrations. Also, several 
examples of the construction of the various types of 
matrix that have to be used are given in the text so 
that the reader can see how it is done and can then 
test his own skill. This is so much less time-consuming 
than learning from the appropriate mathematics 
book, for the information obtained has then to be 
adapted to the problem in hand. Here it is presented 
in relation to the vibration problem. It is not possible 
for the authors to make all the mathematics involved 
easy for those who have little training in that subject, 
since many of the arguments and processes are 
difficult and complex. However, they do go to con- 
siderable lengths to see that, between the covers of 
this book, there is a great deal of help regarding the 
mathematical methcds involved. It seems to me 
that they might perhaps have included a further 
brief appendix on vector notation, which would have 
been helpful to those finding the beginning of 
Chapter 4 unfamiliar. 

Examining the contents in more detail, the first 
two chapters provide a valuable introduction to the 
theory of molecular vibrations and normal co- 
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ordinates. The third considers the application of 
wave mechanics to this subject, a consideration of 
Raman and infra-red spectral intensities being intro- 
duced here. The next three chapters present the 
methods that have been devised, largely by Prof. 
Wilson and his students, for handling the mathe- 
matical problems and for making use of symmetry 
and group theory. In Chapter 7 selection rules and 
intensities are considered in more detail, and, in the 
following chapter, the authors discuss the form of 
the molecular potential-energy function together with 
information that can be obtained about it. This is 
followed by a chapter which describes the methods, 
both numerical and instrumental, which can be used 
for solving the equations that are obtained as a 
result of the procedures previously described. 
Finally, there is a most useful chapter which presents 
a sample vibrational analysis of the molecule of 
benzene. The inclusion of this chapter is a very 
happy idea, for it enables the reader who is not a 
mathematician to test whether he has learnt correctly 
the lessons of the earlier chapters. Another excellent 
feature of the book is the long list of appendixes 
which occupy about a hundred . These contain 
much extremely useful information which, had it been 
included in the body of the book, would have been 
distracting to the development of the ideas presented 
there. The subject and author indexes are good, and 
the table of contents at the beginning is very com- 
plete. It is easy, therefore, to find one’s way to the 
page or section one wants. 

This book certainly meets a great need and meets 
it most successfully. For many of those who want 
to, and should, read it, it will not be an easy book ; 
but it does provide the easiest and quickest route to 
acquiring skill in handling the mathematics of 
molecular vibrations, a skill which many are inter- 
ested in obtaining. J. W. LInnetr 


NIELS BOHR BIRTHDAY ESSAYS 


Niels Bohr and the Development of Physics 
Essays dedicated to Niels Bohr on the Occasion of 
his Seventieth Birthday. Edited by W. Pauli, with 
the assistance of L. Rosenfeld and V. Weisskopf. 
Pp. vii+195. (London: Pergamon Press, Ltd., 
1955.) 30s. net. 

‘HE custom in many countries of honouring an 

eminent scientist by dedicating to him a birth- 
day volume, or an issue of a learned journal, is an 
agreeable one which has been rarely, if ever, practised 
in Great Britain. The present book of essays pays 
tribute to a man who, both by his achievements and 
by his leadership, has profoundly influenced the 
development of modern physics. Niels Bohr was 
awarded the Nobel Prize for Physics in 1922 for 
“investigations on the structure of atoms and of the 
radiation emanating from them”; and this work, 
which taught us the theory of the hydrogen spectrum, 
stood only at the beginning of a series of major con- 
tributions to atomic and nuclear physics. The 
chapters of this book have been selected by the 
editors to represent some of the problems with which 
Bohr has been concerned ; they have been written 
by well-known physicists who at one time or another 
worked with him in Copenhagen or elsewhere. 

The essay by Sir Charles Darwin on the discovery 
of atomic number traces the development of atomic 
theory through the nineteenth century and up to 
the discovery of the nucleus by Rutherford in Man- 
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chester in 1911. The theory of the hydrogen atom 
followed soon after Bohr’s arrival in Manchester at 
about that time. The following years were taken up 
with further developments of the Bohr theory; but 
at the same time attention was being directed to 
the fundamental principles of quantum mechanics, 
W. Heisenberg, in his essay on the development of 
the interpretation of the quantum theory, shows how, 
following the work of Bohr, Kramers and Slater, 
many serious attempts have been made (and are stil] 
being made) to clarify the relationship between the 
production, absorption and propagation of quanta 
and of material particles. W. Pauli, writing on the 
exclusion principle, Lorentz group and reflexion of 
space-time and charge, discusses the connexion 
between spin and statistics in a way which illustrates 
the fact that rigorous mathematical analysis and 
physical insight should be complementary, as indeed 
they are in the work of Bohr. Then follow two papers 
on field theory : on the quantum theory of fields, by 
L. Landau; and on quantum electrodynamics, by L. 
Rosenfeld. They discuss the present state of develop- 
ment of a subject which has its roots in Bohr’s 
correspondence principle, and which is at present 
actively engaging the attention of a great many 
theoretical physicists. O. Klein contributes an article 
on quantum theory and relativity, in which the 
relation between these two great physical theories of 
the twentieth century is treated and which ends with 
an interesting reminiscence of an encounter between 
Bohr and Einstein. 

The remaining essays come, like the first of the 
volume, nearer to experimental physics. H. B. G. 
Casimir, writing on the theory of superconductivity, 
reminds us that Bohr’s thesis in the University of 
Copenhagen was on the subject of electrons in metals. 
F. L. Friedman and V. F. Weisskopf contribute a 
very clear account of the compound nucleus, which 
has been accepted as one of the basic concepts of the 
theory of nuclear reactions ever since it was suggested 
by Bohr in 1936. Finally, the articles by J. A. 
Wheeler on nuclear fission and nuclear stability, and 
by J. Lindhard on the passage through matter of 
swift charged particles, touch on subjects which, 
although of a less fundamental character than the 
basis of quantum theory, have been treated by Bohr 
with no less understanding and insight. 

Most of the chapters in this volume are brief but 
expert essays; several of them include personal 
memories. Taken together in the light of their 
common theme, they are a record of remarkable 
achievement. The editors and publisher are to be 
congratulated on having made such a record avail- 
able. W. E. BurcHamM 


UNITED STATES PHARMACOPEIA 


The Pharmacopeia of the United States of 
America 

Fifteenth Revision. (U.S.P. 15.) Pp. lii+1178. 

(New York: United States Pharmacopeial Conven- 

tion, Inc., 1955. Distributed by Mack Publishing 

Company, Easton, Pa.) 10 dollars. 


HE first “United States Pharmacopeia’’ appeared 

in 1820; the fifteenth revision follows the four- 
teenth after an interval of five years. The Committee 
of Revision has been enlarged, and the full-time staff 
is now housed in permanent headquarters at 46 Park 
Avenue, New York City, working under a new 
director—Dr. Lloyd C. Miller. The Committee of 
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December 24, 1955 


Revision contains about sixty members and, as the 
preface puts it, “the organization plan has been 
thoroughly revamped’”’. There are ten subcommittees, 
one of which, the Subcommittee on Scope, is advised 
by fifteen panels, the members of which are not 
necessarily members of the Committee of Revision. 
There are also eighteen additional committees, 
advisory boards and panels dealing with such 
problems as insulin, steroids, vitamins, hyaluronidase, 
pyrogens and style. 

Latin titles have been dropped practically entirely, 
and this is a good thing because a large proportion 
of the Latin names used for describing drugs have been 
invented during recent years and invented differently 
in different countries. Pharmaceutical Latin is no 
longer an international language. It is satisfactory 
to see that the titles of new articles are generally the 
non-proprietary names recommended by the United 
Nations World Health Organization, but sad that so 
many of these names are far too long. In each 
monograph there is @ statement of category which 
indicates, often in a single word, the main use or 
action of the drug described. This new and original 
feature will be useful to those who are puzzled by 
some of the new names. The abbreviation mcg. is 
used to mean microgram; and this is unlikely to 
be generally accepted because a logical application 
of traditional usage suggests that it means milli- 
centigram. 

A new section is devoted to the mathematical 
procedures used in connexion with biological assays. 
This is by no means a faithful copy of the similar 
section which appeared in the last “‘British Pharma- 
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| copeia’”. It is more complicated and less general in 


its scope, being specially adapted to the methods of 
assay which actually appear in the “United States 
Pharmacopeia’”’. The methods used by the micro- 


| biologists, however, vary among themselves so much 


in arbitrary details that it would be impossible to 
provide formulz for all of them, and the final inter- 
pretation of the results often depends on the actual 
drawing of the curve of best fit. There is nothing 
about probits because probits are not used in any 
official method of assay. This section will un- 
doubtedly be useful to those who have to fulfil the 
official requirements laid down in this book. 

The Committee of Revision must be warmly con- 
gratulated on the successful completion of a gigantic 
task. Necessary expenses are financed by the sale of 
the book, and the whole project is a fine example of 
what can be accomplished by unofficial enterprise 
aided by unselfish public spirit. J. H. Gappum 


THE LETTERS OF JOHANN 
BERNOULLI 


Der Briefwechsel von Johann Bernoulli 
Herausgegeben von der Naturforschenden Gesell- 
schaft in Basel. Band 1. Pp. 532. (Basel: Birk- 
hauser Verlag, 1955.) 60 francs. 60 D. marks. 


HE city of Basle produced, in about a century, 

twelve mathematicians of significance, of whom 
eight were bearers of the name Bernoulli. Four of 
the twelve were really distinguished mathematicians ; 
these were the immortal Euler and three of the 
Bernoullis—Johann, his elder brother Jakob and his 
son Daniel. The publication of the complete works 
of Euler was undertaken more than forty years ago ; 
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now a similar publication of the works of the Ber- 
noullis is being begun. A complete publication of 
the works of the greater Bernoullis is being attempted, 
except that letters which have been printed before— 
for example, in t!i\» complete works of Leibniz and 
Euler—are excluded ; a selection will also be given 
of the works of the lesser Bernoullis and of J. 
Hermann, a pupil of Jakob. -The whole is expected 
to run to about twenty-two volumes. 

The first volume is devoted to correspondence to 
and from Johann Bernoulli. It covers the period from 
1690 to 1706, when Johann succeeded his brother 
Jakob as professor of mathematics at Basle on the 
death of the latter. The first eighty pages of the vol- 
ume are an editor’s foreword to the whole series. This 
includes historical notes, in particular a most inter- 
esting account of the disappearance of most of the 
Bernoulli papers from sight about the year 1800, and 
their rediscovery after a long search nearly a hundred 
years later. This account reads like a detective story, 
with most of the mathematical detectives following 
their clues with an acumen worthy of Dr. Watson 
rather than of Sherlock Holmes. 

The letters pubiished fall into three groups. First 
come four letters from Johann to Jakob, the only 
ones between ther: known to survive. The rest were 
apparently destroyed by Johann’s descendants out 
of filial piety, because they depicted too well the 
quarrel between the brothers. The four remaining 
are, however, enough to illustrate why the quarrel 
arose. They show Johann as a person very conscious 
of being cleverer than Jakob, who had taught him 
mathematics, and unwilling to allow in others claims 
for priority which he always expected to be conceded 
to himself. 

The second group is of letters to and from l’Hé6pital 
(mainly from him). The editor makes it clear, in a 
lengthy introductory note, that these letters, together 
with lessons earlier given to l)H6pital in Paris by 
Johann, were in fact the main source of |’H6pital’s 
celebrated book on the calculus: ‘‘Analyse des 
infiniment petits’. The essentials of the book were 
provided by Johann, who was for some years a 
pensioner of l’Hépital ; the latter’s chief contribution 
was the clarity with which the ideas were expressed. 
The letters are mainly concerned with the application 
of the calculus to geometry ; they include Johann’s 
discovery of the rule, usually called l’H6pital’s, for 
the evaluation of indeterminate forms of the type 
0/0. During his lifetime Johann claimed that much 
of  Hépital’s work was really his own, quoted with- 
out acknowledgment. Johann’s known predilection 
for imputing plagiarism to others has led earlier 
historians to be scornful of his claims; but in this 
instance they appear to have been justified. 

These groups of letters are in French ; the third 
group is a heterogeneous set, in French, German, 
Latin and Dutch. It has little mathematical interest, 
but some historical. It is mainly concerned with 
Johann’s tenure of a chair of mathematics in 
Groningen, 1695-1705, and with negotiations for his 
transfer to Utrecht. One is reminded of the many- 
sided character of learning in those days on first 
reading a letter on a medical subject (Johann was 
originally trained as a doctor) and then finding an 
epigram in Latin verse addressed to him, to which 
he replies in similar verse. 

The whole has been very carefully edited, with 
copious notes and indexing. The volume is beauti- 
fully produced and will form a valuable addition to 
any library. , T. G. Cownine 
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SORTING MOLECULES 


T the British Association meeting in Bristol, 

Section B (Chemistry) arranged a session, held 
on September 5, at which the subject of “Sorting 
Molecules” was discussed. An introduction was given 
by the chairman, Prof. W. Baker (Bristol), who 
referred to the importance of sorting molecules by 
physical processes, and to the earliest methods of 
crystallization, distillation and sublimation. The 
first two of these are still by far the most used, and 
reference was made by Prof. Baker to fractionating 
columns, distillation in vacua, molecular stills and 
falling-film evaporators. The potentialities of co- 
distillation with non-aqueous liquids have been little 
explored. Other methods of sorting molecules are 
selective surface adsorption, gaseous diffusion, sedi- 
mentation by means of the ultracentrifuge, electro- 
phoresis, and the method of distribution between 
two incompletely miscible solvents which has reached 
a high state of perfection in the Craig counter-current 
distribution machine. 

During recent years the methods of chromato- 
graphy have become commonplace in almost every 
chemical laboratory. In its various forms, there are 
elution and displacement chromatography on columns 
of adsorbents, or on liquid phases suspended on 
solids or paper. The extension of adsorption and 
displacement chromatography to vapours is the 
technique of gas chromatography, and its delicacy 
and rapidity mark it as perhaps the most important 
recent advance in analytical procedures. A further 
method for sorting molecules, depending on molecular 
size and shape only, is by means of inclusion com- 
pounds, in which a ‘guest’ molecule is included in 
cavities or tunnels in the crystal of a ‘host’ molecule. 
These holes show a remarkable selectivity in accom- 
modating some molecules and rejecting others, and 
may even be capable of sorting right- and left-handed 
forms of the same molecule. A related method is the 
use of a semi-permeable membrane in dialysis; but a 
much more selective method is to use as a sieve a 
crystal lattice containing holes of molecular dimen- 
sions which can be penetrated by molecules of suitable 
size and shape. 

In the first paper, which was on “Gas Chromato- 
graphy”, Dr. F. H. Pollard (Bristol) said that some 
indication of the importance of this new method has 
been the speed with which many industrial labor- 
atories have adopted and developed this technique. 
The principle used in gas chromatography consists in 
causing each substance in a mixture to migrate at a 
different rate through a column of powdered material. 
This is achieved by one of two methods: adsorption 
chromatography, that is, differential adsorption on a 
solid such as charcoal or alumina; or gas-liquid 
partition chromatography, that is, differential par- 
tition of the vapours between a liquid phase held on 
an inert powder and a gas such as nitrogen or hydrogen 
flowing over the solid. For example, a mixture of 
hydrocarbons is admitted to the top of a column of 
material, and a stream of nitrogen is then passed 
downwards through the column, carrying the hydro- 
carbons with it. If the conditions of operation have 
been arranged correctly, the components of the 
mixture will leave the column one by one, and their 
detection as separated components depends mainly 


upon instruments which record differences in the 
physical properties of the gas stream as it emerges 
from the column. The two physical properties which 
have been extensively used for this purpose are 
thermal conductivity and density. Automatic 
recording can be readily employed, and the emergence 
of the different components of a mixture is indicated 
by a series of peaks automatically recorded on paper, 
From such records the individual components of a 
mixture can be identified and quantitatively estim- 
ated. The time required for the complete analysis 
can be as little as twenty minutes. For mixtures such 
as those of fatty acids, automatic titration equipment 
has been used, and for others simple volume measure. 
ments have been employed. At the meeting, demon- 
strations of separations using the thermal con- 
ductivity cell as a method of detection were given 
on two different commercial machines, arranged by 
Dr. B. W. Bradford (Imperial Chemical Industries, 
Ltd., Billingham), and a demonstration of the gas 
density balance was given by Mr. D. H. Desty (Research 
Department, British Petroleum Co.) through the 
courtesy of Dr. S. F. Birch. 

Adsorption chromatography has been used for the 
separation of hydrocarbons and a wide range of 
organic compounds, using either frontal analysis, 
displacement analysis, or elution analysis on either 
carbon or silica gel. Janak has devised a very simple 
form of apparatus in which a 1-3 ml. sample is 

through a column -in ‘a stream of carbon 
dioxide and the volumes of the separated components 
measured in an azotometer over potassium hydroxide 
solution. This method has been applied to rare gases 
as well as to many organic compounds. 

The development of gas-liquid partition chromato- 
graphy in 1952 by James and Martin marked a great 
advance in technique which has led to a large number 
of applications. Since the first separation of milli- 

amounts of fatty acids on a column of kiesel- 
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liquid silicone and stearic acid, there have been 
extensive developments for the separation of aliphatic 
amines, pyridine homologues, methy] esters of higher 
fatty acids, halogenated hydrocarbons, organic 
nitrates and nitrites, and boron hydrides. Higher- 
temperature columns are being developed, and have 
already been used for C,,—C,, fatty-acid esters. 
Methods have been described for identifying unknown 
organic compounds by comparing retention volumes 
on two or more columns containing different static 
phases, which allow of different extents of inter- 
action between the substance and the static phase. 
This technique of analysis has been applied to 
problems in chemical kinetics; for example, thermal 
decomposition of ethyl nitrate; studies in air 
pollution ; identifying polymers by analysing pyro- 
lysis products; the preparation of radiochemically 
labelled fine chemicals ; and the large-scale separation 
of highly fluorinated organic compounds. 

In the second paper at the meeting, Mr. HJ M. 
Powell (Oxford) considered the problem of ‘Sorting 
Molecules by Shape and Size”. Several methods, in 
particular those of X-ray crystallography, reveal that 
different substances are made up of molecules oF 
other groupings of atoms. ' Their shapes and sizes 
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may be accurately measured, and there is the poss- 
ibility of separating molecules by sorting, after 
observation .of their shapes and sizes. 

Some substances have very large molecules ; but 
many molecules contain only a few atoms, and have 
no dimension exceeding a ten-millionth of an inch. 
It is not, therefore, a simple matter to sort molecules, 
and if they are to be separated by their shapes it 
must be by something of the same order of size as 
the molecules themselves—that is, it must be done 
by other molecules or atoms. 

‘Whenever a crystal grows from a mixture of sub- 
stances as in a solution, it is automatically separating 
some particles from others; the crystal grows by 
adding particles of the same kind. It may not com- 
pletely reject all others because, within limits, 
lattices may tolerate other atoms or molecules which 
are not too dissimilar. 

Some substances are able to form crystalline in- 
clusion compounds. The atoms of one component 
build up a structure which has in it cavities large 
enough to contain molecules of a second substance. 
Structurally there are two main types: either the 
cavities are effectively closed ; or they are open, long 
channels. These structures sort molecules by size 
and shape because they can contain only those 
molecules which are of suitable size. Closed cavities 
may contain molecules up to certain critical sizes and 
will exclude longer ones, whereas channel structures 
may include both long and short molecules, but will 
not take in the shortest ones because the van der 
Waals interaction between enclosed and enclosing 
materials is too weak. 

Urea adducts form a honeycomb-like structure 
with long molecules in the channels, and have been 
used to separate straight-chain from branched-chain 
aliphatic molecules which are too broad. Separations 
with up to 95 per cent efficiency have been reported. 
The method has been applied to compounds with 
up to thirty carbon atoms which cannot be dis- 
tilled; for example, wax esters may be separated 
from glycerides. Cis and trans isomers of some 
compounds have also been separated. The nickel 
complex, Ni(CN),.NH;.C,H,, has been used to obtain 
benzene of 99-992 + 0-004 per cent purity by a very 
simple operation. 

Some inclusion structures do not give good separa- 
tions. Thus, ‘Dianin’s compound’ (4-p-hydroxy- 
phenyl-2 : 2: 4-trimethylchroman) includes a great 
variety of molecules ; its cavities are very large and 
therefore not selective. Tri-o-thymotide, which also 
gives many inclusion compounds, forms enclosing 
structures hell together by van der Waals forces 
only. In this case the cavities are adaptable to some 
extent to the included molecule. Although a par- 
ticular tri-o-thymotide structure may occur only with 
included molecules the dimensions of which lie within 
certain limits, this does not prevent formation of 
adducts with other molecules with a different form of 
tri-o-thymotide enclosure. In such circumstances 
separations through addition compounds may be 
possible but are not likely to be efficient. There is, 
however, a form of separation for which tri-o- 
thymotide is very suitable. It normally crystallizes 
as a racemate, but in many of its adducts it is 
spontaneously resolved into a conglomerate of dextro 
or levo crystals. The cavities in these crystals are, 
like the molecules, enantiomorphous, and may include 
preferentially either dextro or levo molecules. Since 
tri-o-thymotide racemizes rapidly in solution, it is 
possible to remove only the one enantiomorphous 
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form of crystal from a solution and to recover from 
it the included substance. In this way racemic 
secondary butyl bromide has been resolved, and the 
efficiency of the process approaches 100 per cent. 
Optical resolutions may also be carried out with urea 
adducts ; the process depends on the left- or right- 
handed spiral arrangement of the enclosing urea 
molecules, but seems to require many repetitions. 
The cyclodextrins have also been used for optical 
separation. 

The enclosing components described have been 
found largely by accident. Once such a structure is 
known, it is possible to foresee which molecules it is 
likely to accept or reject and thus to employ inclusion 
compounds for separation purposes. It is not so easy 
to predict which molecules will form enclosing 
structures. It is desirable to have cavities which can 
be modified to fit a particular enclosable molecule, 
and the observation of large cavities in some inclusion 
compounds suggests how this might be done. If a 
molecular arrangement analogous to that of 6-quinol 
but with much larger cavities could be built up, it 
might be possible to vary the cage-forming com- 
ponent by the addition of a substituent without 
drastic change in the main structure. 

A major problem in industrial and academic science 
is how to separate the multitudes of chemical species 
from one another, by neat, simple and effective 
methods, and new principles for doing this are con- 
stantly being sought. A novel method consists in 
using crystal lattices as molecular sieves, and this 
was discussed in the third, and last, paper, given 
by Prof. R. M. Barrer (Imperial College, London), 
his paper being entitled the “Separation of Molecular 
Mixtures using Crystal Sieves’. A crystal. with an 
open lattice is employed quite literally to sift mole- 
cules. Those molecules of the wrong shape or size 
are held back, while others of appropriate form pass 
easily into the crystal, which then occludes them 
copiously. The separations achieved are fully quanti- 
tative in a great many cases, by the single, clear-cut 
operation of exposing the crystal powder to the 
molecular mixture, or filtering the molecular mixture 
through a bed of the crystals. An account was given 
of some of the work done in Prof. Barrer’s laboratory 
in introducing the molecular sieve method, and in 
characterizing, operating, modifying and synthesizing 
crystal sieves of various kinds. 

Naturally occurring crystal sieves were discovered 
among the crystalline zeolites. In these species, 
which are all aluminosilicates, SiO, or AlO, tetra- 
hedra are built into more complex structural units, 
often polyhedra. These polyhedra may have con- 
siderable cavities at their centres (chabazite), or it 
may be the stacking of the polyhedra which creates 
new and larger cavities (faujasite ; natrolite, thom- 
sonite, scolecite). Windows open into the cavities 
and provide ready means of entry or exit for sorbed 
molecules and means of transit from one cavity to 
another. These windows also determine the molecular 
sieve properties of the crystal as a whole. By sharing 
of oxygen atoms, the polyhedra are built into three- 
dimensional structures which often display remark- 
able rigidity and permanence, while being permeated 
by cavities interconnected by windows. The volume 
of the cavities may be more than 50 per cent of the 
volume of the crystal. Four major categories of 


crystal sieve were then characterized by Prof. Barrer, 
using certain molecules of known dimensions as yard- 
sticks. A general order of openness of the crystal 
lattices in a few cases is: faujasite > calcium-rich 
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chabazite > sodium-rich mordenite > calcium-rich 
mordenite or calcium-rich levynite > analcite. 
Faujasite, when freed of its crystal water by heat 
and evacuation, freely occludes iso-paraffins and 
simple aromatics and naphthenes ; chabazite will not 
occlude iso-paraffins, aromatics and naphthenes, but 
does occlude n-paraffins, and molecules of smaller 
cross-section ; sodium mordenite will not occlude 
n-paraffins, from C, upwards, but sorbs C, and C, 
paraffins, argon atoms, and nitrogen, oxygen and 
similar small molecules; while calcium-mordenite 
or levynite does not sorb even C, and C, paraffins, 
and yet still occludes nitrogen, oxygen and similar 
small molecules. Typical quantitative separations, 
using the appropriate crystal sieve, have been made, 
inter alia, of aromatics, naphthenes or éso-paraffins 
from n-paraffins ; of mono-substituted methanes and 
ethanes with amine, hydroxyl, chloride, bromide or 
cyanide as substituents from similar mono-substituted 
n-paraffins having the substituent group at a second- 
ary .carbon atom; of mono-substituted methanes 
from similar mono-substituted ethanes ; or of simple 
inorganic species (water, ammonia) from organic 
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species. Mixtures which are azeotropic, or in which 
the constituents have virtually the same boiling 
point, can readily be separated if appropriate size 
and shape differences arise between their molecules 
(for example, water-ethyl alcohol; or n-C,H,,- 
tso-C,H,,). 

The crystal sieves have been modified, within 
limits set by a given aluminosilicate framework, by 
ion exchanges of the type: 2Na = Ca (change of 
valence), Na = K (change in radius of cation) ; and 
by more complex isomorphous replacements such 
as NaAl = Si. The sieve characteristics can also be 
changed by leaving small amounts of polar molecules 
(for example, water, ammonia, methylamine) in the 
crystal lattice. In these ways a great diversification 
of sieve types can be effected, and an almost con- 
tinuous gradation of such sieves now appears possible. 
Finally, a substantial number of zeolites has been 
synthesized by hydrothermal growth from gels, 
representative of all main classes of sieve. Many of 
these zeolites have no natural counterparts, and raise 
interesting problems in crystal chemistry and crystal 
growth. 


INFLUENCE OF SPACE FLIGHT ON ENGINEERING 
AND SCIENCE* 


By MILTON W. ROSEN 
Naval Research Laboratory, Washington, D.C. 


ITHIN the past few years many scientists have 
predicted seriously and confidently that human 
beings from the Earth would, in the foreseeable future, 
travel to the Moon and the nearer planets. The ranks 
of those who would dispute this prospect are diminish- 
ing rapidly. Although much of the progress is still 
guarded by military necessity, space flight is emerging 
as an activity in its own right—one that can command 
the efforts of many engineers and scientists. 

In the United States the exploration of the upper 
atmosphere, the frontier to space, is being conducted 
vigorously. Pilots of rocket aircraft have experienced 
conditions approximating to those in free space, if 
only for a few minutes. The effect of space flight 
upon the human organism is being investigated—the 
U.S. Air Force maintains a Department of Space 
Medicine. There is an international organization 
devoted to the promotion of space travel, and 
there are space flight societies in twenty-three 
countries. 

The ancients, except for a few rare individuals with 
greater insight, conceived of the world as an enclosure ; 
they stood upon the Earth at the bottom and gazed 
upward at a blue ceiling upon which a multitude of 
lights, a few great and many small, seemed to move 
under the influence of an unseen hand. The atmo- 
sphere filled this enclosure, and it was believed that 
if man had wings he could fiy to the ceiling and 
determine the source of the lights. If a few philo- 
sophers guessed more nearly at the truth, certainly 
the average man had no better conception of the 
universe than the fanciful picture just described. 
There could be no valid idea of space flight until 
Copernicus, Kepler and Galileo placed the Earth in 


* Substance of a oad read before Section G (Engineering) at the 
Bristol meeting of the on September 1. 
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its true relation to the universe and at the same time 
gave dimensions to space. 

When at last the Moon and the planets were found 
to be material bodies not unlike our Earth, it was 
possible to ponder whether the immense separating 
distances could be traversed by man or any man- 
made device. The situation was made even more 
discouraging when, in 1686, Newton! defined the 
nature and the magnitude of gravitational attraction. 
If previously there had been some fanciful hope of 
visiting celestial bodies, now surely it appeared that 
man was destined to remain for ever a prisoner of his 
own planet. In view of the great distances, it seemed 
unlikely that the atmosphere could extend through 
interplanetary space, and any suspicion that it might 
was laid to rest when Torricelli’s barometer was 
carried to a mountain-top and taken aloft by the 
early balloonists. 

Although Newton brought man face-to-face with 
one formidable aspect of the problem, namely, 
gravity, he also provided, in his three laws of motion. 
the key that would unlock the door to space. The 
fundamental equation of rocket action in free space 
and hence of space flight : 


ie M 0 
Vp = C.ln Mp 
where V5» is velocity of rocket at the end of burning, 
C is velocity of exhaust jet, M, is initial mass of 
rocket, and M, is mass of rocket at the end of burn- 
ing, is derived by integrating Newton’s third law of 
motion. Nevertheless, more than two centuries were 
to pass before anyone performed the integration or 
realized that the simplest embodiment of Newton’s 
third law, a rocket, is the only machine capable of 
propelling itself in a vacuum. 
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By the beginning of the twentieth century the 
physical sciences had advanced to the point where it 
was inevitable that someone would develop a valid 
theory of rocket action and would apply the theory 
to the problem of escape from the Earth. The task 
was accomplished by three men working independ- 
ently in three different countries. The three had 
much in common—they were teachers, one at a small 
university, the other two in secondary schools. All 
three were motivated by the desire to explore inter- 
planetary space and presented their findings with 
conviction, even though they were regarded by most 
of their contemporaries as prophetic dreamers. The 
men and their works are: Ziolkovsky, “The Ex- 
ploration of Cosmic Space by Reaction Machines” 
(1903) ; Goddard, ‘A Method of Reaching Extreme 
Altitudes” (1919) ; Oberth, ““The Rocket into Inter- 
planetary Space” (1923). Any one of these three 
publications, had it been widely read and accepted, 
would have sufficed to lay the groundwork for space 
travel, because each man clearly understood and 
asserted the following fundamental concepts: (1) 
Escape from the Earth is possible by the application 
of a moderate acceleration over a substantial period 
of time—at least several minutes. (2) Such accelera- 
tion can be produced in a vacuum by a rocket. 
(3) The rocket must (a) have high thermal efficiency 
(that is, high velocity of the ejected matter), and 
(b) consist mainly of propellant material (that is, have 
a high ratio of fuel weight to total weight). (4) High 
thermal efficiency would be obtained most readily 
from the chemical combustion of liquid fuels. 

Ziolkovsky* started by examining Jules Verne’s 
cannon and also the balloon as a means of reaching 
very high altitudes. Both approaches died quickly 
under mathematical analysis. He proceeded next to 
the rocket and developed the fundamental equation 
previously noted. Realizing that energetic fuels were 
required, he determined from thermochemical cal- 
culations the heat release of various liquid com- 
binations. When he computed the velocity that 
could be attained, in theory at least, he realized it 
was sufficient for escape from the Earth. 

Goddard*, alone of the three, proceeded from 
experiment to theory. Using smokeless powder in a 
heavy-walled steel combustion chamber, he produced 
a jet velocity of almost 8,000 ft. per sec., a seven-fold 
improvement over ordinary rockets and the highest 
velocity of matter attained up to that time outside 
electrical discharge tubes. Also, he proved by tests 
in a vacuum that a rocket does not produce its force 
by pushing on the air behind it—a fact that he knew 
from basic physics, but felt had to be demonstrated. 
He observed correctly that the jet velocity was 
greater in a vacuum, but he attributed it erroneously 
to more efficient ignition. Although Goddard did not 
turn to liquid fuels until after his basic paper was 
published, he achieved the first flight of a liquid-fuel 
rocket, an event that took place on March 16, 1926. 
Goddard‘ continued his experiments for more than 
two decades, during which time he developed, in 
rudimentary form, almost every component of 
modern rocketry. Not one of his components would 
be considered reliable by present-day standards ; 
realizing the prodigious task he had set out to accom- 
plish,: he: would repeatedly add a new component 
before perfecting the previous one. In retrospect, it 
appears that Goddard was attempting, single-handed, 
to encompass the entire field of liquid-fuel rocket 
development, a task that would eventually tax the 
abilities of thousands of engineers and scientists. 
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Oberth*; in his treatise, gave the most complete 
theoretical analysis and carried it farther into the 
realm of space travel than either of the others. He 
stated at the outset the four propositions he would 
attempt to prove: (1) considering the present state 
of science and technology, it is possible to build 
machines that could rise beyond the atmosphere ; 
(2) after further development these machines will be 
able to attain such velocities that, left undisturbed 
in the depths of outer space, they will not fall back 
to the Earth and will even be able to leave the zone 
of terrestrial attraction ; (3) these machines could be 
constructed so as to transport human beings, prob- 
ably without damage to their health; (4) under 
certain economic conditions the construction of such 
machines might be profitable. 

Oberth began by developing the theory of the 
liquid-fuel rocket and describing its construction. He 
proceeded to discuss applications of the rocket, first 
as a high-altitude sounding vehicle, then as an Earth 
satellite, and finally as a space-ship for interplanetary 
travel. He developed the concept of synergic 
(minimum energy) ascent trajectories. Without 
doubt, almost every later book on space flight owes 
much to Oberth’s encompassing study. 

Whereas the first quarter of this century provided 
the theoretical background for space flight, the 
second twenty-five years may be viewed as the period 
of experimental preparation. It saw the liquid-fuel 
rocket develop as a practical engine for the propulsion 
of aircraft and guided missiles. Many fuels and 
oxidizers were explored—a few saw widespread use. 
An assortment of auxiliary apparatus—pumps, tur- 
bines, valves and regulators—was developed to feed 
and control the rocket motor. The steering of a large 
rocket vehicle was mastered by means of gyroscopes 
and jet controls. Great progress was made in the 
aerodynamics of supersonic flight, in structural 
design and in the use of high-temperature materials. 

Of the early experimenters, three groups were 
most noteworthy. The work of Goddard as an indi- 
vidual has been referred to previously. In Germany, 
the Verein fiir Raumschiffahrt, fired by Oberth’s 
monumental work, undertook to develop a small 
workable rocket called, appropriately, ‘minimum- 
rakete’ (‘Mirak’ for short)*. In the course of several 
years they made hundreds of static firings and 
numerous brief flights. The American Interplanetary 
Society drew its inspiration largely from abroad, so 
secretive was Goddard about his experiments. 
Indeed, when in May 1933 the Society finally achieved 
a first liquid-fuel rocket flight, they were unaware 
that Goddard had progressed far beyond his first 
flight seven years before. 

The V2, the development of which started in the 
middle of this period, was the largest single engineer- 
ing advance in the field of rocketry. By applying 
thousands of engineers and scientists in a concerted 
effort, the German Government was able in six years 
to transform the liquid-fuel rocket from a small, 
sputtering vehicle, capable of ascending a few 
hundred feet, into a giant projectile with a range of 
200 miles and a velocity of one mile per second. 
The V2 was a material embodiment of Oberth’s 
ideas and, although he conceived the liquid-fuel 
rocket as a vehicle for space travel, he also foresaw 
its possible use as a bombardment weapon. Actually, 
he hoped that the rocket missile would be a deterrent 
to, rather than a tool of, war. i 

After the War, the major activity leading to space 
flight took place in the United States in @¢he form of 
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upper-air research with instruments carried ‘in rockets. 
In a programme which is still continuing, scientists 
from government laboratories and universities ex- 
plored the upper atmosphere using at first captured 
V2 rockets and later, as they became available, 
‘Aerobees’ and ‘Vikings’, both of which were designed 
specifically for probing the atmosphere in the region 
between 50 and 150 miles above the earth. In this 
way, knowledge of the pressure, temperature, density 
and ionic content of the atmosphere has been extended 
up to 135 miles by direct measurements. The solar 
spectrum has been recorded in the far ultra-violet. 
X-rays have been detected in solar radiation and 
their role in the formation of the ionosphere has been 
postulated. The number and the mass distribution 
of primary cosmic rays have been recorded in emul- 
sions carried aloft in rockets. Small animals (monkeys 
and mice) were sent aloft, and their physiological 
reactions observed during a period of weightlessness. 
For nine years man has been exploring the frontier 
of space as a prelude to flight beyond the atmo- 
sphere. 

It is always tempting to draw parallels, and it might 
appear, at first glance, that the advance toward space 
flight parallels the progress of aviation, with the latter 
preceding in time. The same elements of progress 
are evident in both fields, but one cannot fail to note 
the differences and contrasts. Although much 
theoretical work had been done on fluid mechanics 
and experiments performed in wind tunnels and with 
gliders, there was at the time of the first mechanical 
flight no adequate theory to explain the lift of a 
winged vehicle’. We knew that the Wright Brothers’ 
aeroplane flew ; but we could not explain why or how 
it flew. By contrast, the motion of a rocket, as 
we have seen before, was well understood before 
yoddard’s first attempted flight. This is no paradox— 
it is apparent that the mathematical treatment of 
flight within the atmosphere is much more difficult 
than the analysis of flight in free space. 

In both fields there was a period when develop- 
ment was nourished mainly by amateurs ; in aviation 
it was the first decade of this century, for rocketry 
the late ’twenties and early ‘thirties. In both cases 
the advance was given great impetus by a war; the 
First World War for aviation, the Second for rocketry. 
But I doubt if there is in the history.of aviation any 
single step forward comparable in magnitude to the 
creation of the V2. Aviation has been characterized 
by gradual, steady development, fostered to a large 
extent by its economic returns as well as its military 
advantages. There have been several significant 
milestones; one of the most noteworthy was the 
development by Whittle and others of the turbojet 
engine, which in the short space of a dozen years has 
completely displaced the piston-driven propeller in 
high-speed military aircraft and may soon dominate 
the field of commercial aviation. 

In pursuing this rather loose parallelism I have 
tried to estimate what period in the history of 
aviation corresponds to the present status of space 
flight. It seems to me that we are now at a point 
roughly corresponding to the period before Lind- 
bergh’s historic flight across the Atlantic. The sig- 
nificant event we are awaiting is the first orbital 
flight of a manned earth satellite. In both cases, at 
the time being considered, the vehicle had been 
developed to a reasonable degree of reliability and 
many flights of shorter range and duration had been 
made. But again, there is a significant difference. 


Aviation Wms always implied manned flight; in 


NATURE 


December 24, 1955 


VOL. 176 


rocketry most of the progress thus far has been 
made in unmanned, automatically controlled vehicles, 
Our technology has advanced to the point where we 
need not risk human life in experimental rocket 
flights; on the road to space, instruments wil] 
always go first and will point the way for men to 
follow. 

Prior to establishing the first manned satellite, {wo 
important techniques will have to be mastered, 
First, there will be a period of experimentation with 
unmanned, instrumented satellites during which 
time problems of propulsion, staging and navigational 
control will be worked out. The environmental 
hazards—cosmic radiation, meteors, solar heat (and 
the absence of it), and possibly weightlessness—can 
be evaluated. World-wide realization that this first 
problem is being attacked vigorously came when, on 
July 29, 1955, President Eisenhower announced that 
the United States would launch small instrumented 
satellites during the International Geophysical Year 
(1957-58). By their statements in support of the 
President’s announcement, many noted scientists 
attested to the feasibility and usefulness of the 
instrumented satellite. It is significant, also, that 
the United States invited international co-operation 
and offered to make its scientific findings available 
to all nations. 

The second problem is the one of safe return to 
the Earth’s surface. The relative speed of roughly 
five miles per second between the orbiting vehicle 
and the earth’s surface must be brought to zero. 
Obviously, this will be done by allowing the satellite 
to transfer its energy to the atmosphere. But this 
process must be controlled with great precision, lest 
the satellite absorb too much of the energy in the 
form of heat. Much will be learned by observing th: 
return of instrumented satellites; but the final 
preparatory steps will probably involve manned 
flights at gradually increasing re-entry speeds. 

I have placed Lindbergh’s flight and the first 
manned satellite in juxtaposition because one has, 
and the other will, I believe, so excite the world’s 
imagination that future progress will be greatly 
accelerated. Qne cannot say when the desired event 
will take place—much hard work remains to be done 
—but it is not uncommon for scientific achievements 
to precede their predicted arrival. The mechanical 
components—engines of sufficient power and controls 
of requisite precision—are within sight. If it is 
argued that the human hazards are great and, at 
present, poorly understood, let it be remembered 
that the first orbital flight need only be brief—a 
matter of several hours. In this respect the ordeal 
may be less prolonged than Lindbergh’s flight, but 
certainly no less demanding upon the pilot’s judgment 
and courage. 

We have seen that although space flight is yet to 
be achieved, its prospect has had, in the past fifty 
years, an appreciable influence upon science. The 
greater influence by far lies in the future. The 
advances in our technology necessary to achieve 
manned flight in space and those required to exploit 
it can be readily delineated. But a more important 
result will, I believe, be the impact of space flight 
upon scientific thought and education. 

In the United States to-day we are faced with a 
serious shortage of engineers and scientists even 
though the demand is great and the remuneration is 
ample. Almost every prospective technical graduate 
of American universities is showered with offers of em- 
ployment, and our newspapers and magazines are filled 
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with advertisements for men, with technical training. 
The most appalling aspect of this situation is that it 
is likely to continue for many years. A recent survey 
shows that the study of physics in American public 
high schools has been declining for more than half a 
century. Whereas in 1895 more than 95 per cent of 
high-school graduates had taken a course in physics, 
by 1952 only 21 per cent of graduates had ever 
studied it®. For many years the increase in high- 
school enrolment more than offset the decrease of 
specialization in physics, but now the waning interest 
is taking its toll. To-day only about half the public 
schools offer a course in physics, and a quarter of 
these have no laboratory facilities. There is a critical 
shortage of science teachers, due in part to the 
attractions of industry, but more to the lower status 
and wages accorded the teaching profession. But 
these factors can be remedied with sufficient effort— 
a deeper and more serious cause is the lack of interest 
on the part of our youth. Why do they turn away 
from a career in science ? We can only grope for the 
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answer. Perhaps they sense, better than their elders, 
that too much of our scientific talent is engaged in 
the unproductive task of developing weapons for 
war. Is there much inspiration to devote one’s life 
to this end, especially when we are rapidly approach- 
ing the borderline of total destruction ? 

I believe that space flight might serve in no small 
measure to turn men’s minds toward a more appealing 
scientific goal. As the exploits of Cabot, Drake and 
Davis inspired many generations of Englishmen to 
turn to the sea, so may the first astronauts reawaken 
our youth to the romance of scientific exploration. 
or — Isaac, ‘“‘Philosophie Naturalis Principia Mathematica” 

é}- 
* Ziolkovsky, K. E., ‘Collected Works” (1933). 
* Goddard, R. H.,.‘‘A Method of reaching Extreme Altitudes” (Smith- 

sonian Miscellaneous Collections, 1919). 

‘ Goddard, R. H., ‘‘Rocket Development” (Prentice Hall, 1948). 

* Oberth, H., ‘‘Wege ziir Raumschiffahrt’”’ (R. Oldenbourg, 1929). 

* Ley, W., “Rockets, Missiles, and Space Travel” (Viking Press, 1951). 

7 von Karman, T., ‘‘Aerodynamics” (Cornell Univ., 1954). 

* Kelly, W. C., ‘‘Physics in the Public High Schools”, Physics Today 
(March 1955). 


UNITED KINGDOM ATOMIC ENERGY AUTHORITY 
ANNUAL REPORT 


rT“HE first annual report of the United Kingdom 

Atomic Energy Authority* covers the period 
from July 19, 1954, when the Authority came into 
being, to March 31, 1955. In that period the Govern- 
ment has published the Programme for Nuclear 
Power and the Defence White Paper announcing the 
decision to proceed with the development and pro- 
duction of thermonuclear bombs. Further information 
has also been given in a brochure, “‘Britain’s Atomic 
Factories’, and in the booklet, ““The Commonwealth 
and Nuclear Development’’, issued by the Central 
Office of Information last June; and the technical 
information made available at the International 
Conference on the Peaceful Uses of Atomic Energy 
at Geneva in August has also robbed the report of 
some of its technical interest. Nevertheless, the 
report reveals an impressive picture of the continued 
growth of a project which has been expanding since 
its inception in 1945, and of the wide range of research 
on which that expansion is based. 

The latter aspect, and the scarcity of skilled man- 
power, which constitutes the chief threat to the 
fulfilment of the programmes in accordance with the 
time-table to which they are closely geared, are dis- 
cussed elsewhere (see p. 1183); but the shortage of 
technological skill is put in the forefront of the report, 
as the development of atomic energy is unique in the 
variety of specialized skills which it demands. After 
recapitulating briefly the steps that led to the 
establishment of the Authority, which at present 
consists of the chairman, Sir Edwin Plowden, and 
four full-time and three part-time members, the 
report merely records the net estimates of expenditure 
for 1954-55 at £53,675,000 and £50,562,000 respec- 
tively ; the actual expenditure will be presented to 
Parliament and published. No figures for staff are 
included ; but the senior staff are listed in an appendix. 
As to patent policy, it is stated that the programme 


* United Kingdom Atomic Energy Authority. First Annual Paet 
for the period 19th July, 1954-31st March, 1955. Pp. vii+35. (London : 
H.M, Stationery Office, 1955.) 2s, net. 


for nuclear power will extend to industry and to the 
electricity authorities the use of atomic energy 
inventions, some of which also have general appli- 
cations in the chemical, metallurgical and instrument 
fields. Where inventions are not secret, the Authority’s 
policy is to grant non-exclusive licences to suitable 
United Kingdom recipients unless, exceptionally, the 
invention can be more appropriately exploited by the 
National Research Development Corporation. 

Apart from a brief reference to the weapons pro- 
gramme, the technical aspects of the Authority’s 
work are discussed in a series of chapters dealing 
successively with the materials, the reactors, the 
nuclear power programme, the isotope programme 
and with progress in research. There is a further 
chapter on health, waste disposal and sifety. In 
regard to materials, the Authority does not normally 
prospect for new uranium deposits on its own account, 
and its main contribution to the provision of uranium 
has been through the encouragement given to pro- 
ducers by the assured market offered by the Colonial 
Development Agency contracts, from which British 
atomic energy work has so far drawn all its sup- 
plies. As part of its procurement programme it has 
provided the considerable capital sums necessary to 
develop and exploit deposits. On arrival in Britain, 
the uranium ore or concentrate is processed at the 
Springfields factory of the Industrial Group. The 
initiation of the nuclear power programme will 
involve a great increase in the amount of uranium 
processed, and the creation of capacity for this higher 
throughput will be used as an opportunity to improve 
the whole process. A low-separation diffusion plant 
has been built at Capenhurst in addition to the main 
plant, and in this the uranium which has_ been 
depleted in its content of fissile material can be 
restored to its original composition by carrying out 
a partial separation from the uranium-238 atoms, 
thus permitting much greater economy in the use of 
uranium, since the restored material can be put 
through the pile again and used to produce more 
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plutonium. This low-separation plant has worked 
satisfactorily throughout the period, as has the 
primary separation plant at Windscale, where the 
piles have worked efficiently and produced the 
planned amount of phitonium. Research is being 
carried out to increase our knowledge of thorium and 
of the production of uranium-233. A new distillation- 
column packing of such high capacity that the 
capital cost could be brought down to nearly half 
that of a conventional ‘bubble-cap’ type of packing 
has been developed for the separation of ‘light’ and 
‘heavy’ water, and this packing, ‘Spraypak’, is 
potentially useful in the general field of distillation. 

In addition to describing the various reactors under 
construction, the report outlines some of the research 
in this field proceeding at Harwell, notably the 
detailed design study of light-water reactors known 
as LEO (Low Enrichment Ordinary Water). The 
Authority expects that by 1957 it will be supplying 
electricity from Calder Hall to the Central Electricity 
Authority. Much of what is said in the report as to 
the programme for nuclear power and the isotope 
programme is already well known. For the year 
ended March 31, 1955, the output of isotope consign- 
ments totalled 18,835, an increase of 16 per cent, and 
the value of radioactive products sold was about 
£450,000, of which 35-6 per cent was exported to 
some forty countries. There was a marked increase 
in the use of small amounts of separated fission 
products for industrial and medical purposes, and 
the accessibility of many of the commoner com- 
pounds of such isotopes as phosphorus-32, iodine-131 
and sulphur-35 has been increased by improvements 
in technique. There is evidence of a growing interest 
within industry generally in the radioactive tracer 
technique. 

In regard to research generally, facilities available 
for determining the exact nature of the interactions 
of neutrons of different speeds with various elements 
are being extended by developing a novel and much 
more powerful source of neutrons, and the Authority 
is also fostering a programme of fundamental research 
on the unresolved problem of the forces which bind 
together the elementary particles in atomic nuclei. 
Studies in the field of radiation chemistry have shown 
that important chemical and structural changes can 
be effected in materials irradiated by powerful radio- 
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active sources. Among these are improvements in 
the heat resistance and other physical properties of 
plastics and in the properties of lubricating oils. 
To provide further facilities for this work and io 
assist industry with advice and tests, a Technological 
Irradiation Group was established as part of the 
Isotopes Division of the Atomic Energy Research 
Establishment in April 1955. A new instrument of 
value outside its original application is an infra-red 
spectrometer developed to record continuously the 
percentage of heavy water in a mixture with ordinary 
water, while the Research and Development Branch 
of the Industrial Group has dealt successfully with 
the development of new solvent processes for the 
extraction of uranium from its ores and with the 
application of the ‘fluidized bed’ technique to pro- 
cesses used by the Group. Metallurgical research on 
the extraction of uranium, plutonium, thorium, 
zirconium and beryllium from their ores and on 
the working of the metals is yielding techniques of 
increasing application in the manufacture of reactor 
fuels and the special canning materials which contain 
them, and much effort is directed to the search for 
corrosion-resistant alloys and to the modification of 
the metallurgical structure of reactor fuels or their 
design so as to control undesirable effects. An elec- 
tronic analogue computer is being developed to 
simulate the operation of a large atomic power 
station by showing directly, and so without the need 
for elaborate calculation, how the essential factors 
involved change with time and interact with one 
another. 

Much work has been done on the disposal of 
radio-active wastes, several methods having been 
developed which enable this to be dealt with safely, 
and the report describes the storage and deep-sea 
disposal methods used for solid wastes. Sea disposal 
is carried out in the Atlantic beyond the continental 
shelf. For effluent disposal considerable research and 
field-tests have established rates of discharge which 
can in no way affect either the health of the public 
or the fisheries or seaweed industry. In regard to 
gaseous effluent, it is pointed out that the prevention 
of interference with the technical work of the 
Authority often demands an even more stringent 
control of discharged activity than is legally demanded 
for public health or other reasons. 


SCIENTIFIC FILM ARCHIVES 


By Dr. A. R. 


AST and present knowledge can only serve the 
future if permanently preserved and patiently 
perpetuated. If this knowledge is recorded in 
writing, and preserved as a book in a library, then 
with little trouble, small expense, and by the use of 
microfilm, practically every word that has ever been 
printed can to-day be read by anyone in the world. 
How infinitely worse is the situation if knowledge 
has been gained by, or recorded on, motion picture 
film; that many scientists have done so and used 
cinematography in their biological, anthropological, 
psychological and medical work was recently shown 
in a survey on research films’. Unfortunately, only 
a very limited number of these films have found their 
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way into archives and are available for reference to 
other research workers, anxious to consult them. In 
the past, one reason for this dearth of scientific film 
archives has been the difficulty and cost of storing 
nitrate film; the problems involved and _ their 
expensive solutions have been fully and authorita- 
tively discussed by Brown? in a recent paper. Since 
about 1950, however, the universal use of cellulose 
triacetate safety film base for both 35-mm. and 
16-mm. motion pictures has at least removed one of 
the difficulties hindering the establishment and 
growth of film archives. It is expected that this type 
of film base, when stored in conditions similar to 
those for books in libraries, will last several centuries. 
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Film archives, devoted to the art of the film, have 
been in existence for many years, the oldest three and 
most important being the National Film Archive 
of the British Film Institute, the Cinémathéque 
Frangaise in Paris and the Museum of Modern Art in 
New York. Since the Second World War, many 
other countries in Europe and overseas have started 
their own national collections of films; but the 
British National Film Archive is the only one in the 
world in which scientific films for permanent pre- 
servation have been systematically collected since 
1949. The work of selection has been in the hands 
of the Science Selection Sub-Committee of the British 
Film Institute ; in October 1955 it held its fiftieth 
meeting, exactly six years after its first gathering. 
During that time several thousand scientific films 
have been considered in detail, and about half of 
these were recommended for inclusion in the archives ; 
owing to the difficulties, however, of obtaining copies 
and original prints of some of those recommended, 
not more than about one thousand have so far been 
actually deposited in the vaults. Scientific films 
which have been preserved are, of course, available 
to research workers for study; a request to view 


them should be addressed to : The Curator, National , 


Film Archive, 164 Shaftesbury Avenue, London, 
W.C.2. 

The first task which the selection committee faced 
was the adoption of basic principles to guide its 
decisions. It was agreed that a scientific film should 
be preserved if the subject-matter ‘was of sufficient 
interest for the future, and secondly, if the film was 
an example of the use of a cinematographic technique 
during the course of a research project—in fact, a 
research film. The committee has rejected films the 
contents of which could be preserved better or more 
cheaply by photographs or by written descriptions. 
In the main, only British films have been recom- 
mended for preservation ; but those foreign scientific 
films which were available in Britain, or which had 
a marked influence on British scientific thought, have 
not been excluded. Preference has always been given 
to actual records of scientific events, and recon- 
structions have only been accepted when originals 
were unavailable. Concerning subject-matter, 
prior’ «y has been given to films showing outstanding 
scien ‘sts at work, original experiments, dying native 
cultv 2 and scientific heterodoxy. The only general 
rule however, that was applied in doubtful cases 
and which was found workable was the question : 
“Is there any conceivable reason of subject or tech- 
nique, why this film would be of interest to students 
of science in fifty or hundred years time, and why 
its loss might then be deeply regretted ?”’. 

Having established its terms of reference, the 
Committee was confronted in 1949 with an enormous 


| number of scientific films from which to select. The 


onlyfpossible way of proceeding was the division of 
the whole field of science into its individual dis- 
ciplines and in each case to call for lists of scientific 
films. Several lists of this kind were then in existence, 
and many others were later prepared, either by 
subject experts, or by committees of the Scientific 
Film Association, which has inso many ways furthered 
the work of the Science Selection Sub-Committee. 
Among'the many subjects which the committee con- 
sidered were, for example, astronomy, chemistry, 
mathematics, psychology, town planning, veterinary 
science, medicine, economics, biology, aeronautical 
engineering, forestry, horticulture and agriculture. 
In each case, subject experts were asked for their 
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views on particular films ; they then reported back 
to the committee, often only after spending many 


hours in viewing the original material. Scientific film 
experts have also given freely of their time to help 
the committee in its important work of selection, 
and all who could have served on the committee 
itself for varying periods. Through its first fifty 
meetings, the committee has systematically surveyed 
a very large proportion of past scientific films, and its 
present task is to seleet films worthy of preservation 
from current productions, to discover forgotten 
research films, and to fill the many gaps that 
remain. 

The committee has received great help from out- 
side bodies, which have generously handed over their 
own collections of scientific films to ensure their 
permanent preservation ; so, for example, a splendid 
collection of early aeronautical films was given by 
the Royal Aeronautical Society, and a similar gift 
was received from the archives of the Physiological 
Society. The committee earnestly hopes that other 
learned societies which have historical film material 
will follow these examples, as only scientifically con- 
trolled archives can fulfil all the rigorous conditions 
required for the permanent preservation of early 
scientific films, many of which were recorded on 
unstable nitrate film. Producers of scientific films 
have been no less generous, and at present the 
National Film Archive receives automatically one 
print of each film made by the Shell Film Unit ; the 
National Coal Board, Guy’s Hospital, Imperial 
Chemical Industries and the Anglo-Iranian Oil Com- 
pany have also given many of their films. Again the 
committee hopes that others will present their pro- 
ductions as well, so that complete series will be 
available for study in a hundred years time. 

A very great deal of work remains to be done. At 
present there is an almost complete lack of bio- 
graphical film material of eminent scientists, and it 
might here be suggested that with the award of a 
Nobel Prize, or the Copley Medal, a short record film 
of the recipient is prepared. Such a film and its 
accompanying sound-track would show better than 
photographs or written descriptions the personality 
of the prize-winner ; it should, of course, give full 
details of the particular research technique which 
brought him distinction. Many research films, at 
present lying forgotten in desks and files of their 
producers, need to be rescued for preservation, and 
the committee would gladly accept them. It can 
assure the donor that he would not lose his copyright 
and that duplicates will not be made unless his express 
permission is given. The committee sincerely hopes 
that other nations will follow its own example and 
that either national film archives abroad, other 
scientific film associations, or scientists in Overseas 
countries will form their own scientific film archives to 
preserve and to perpetuate scientific data for future 
research. Johnson*, who also pleaded for such 
archives in the United States, concluded a paper 
on this subject: ‘It is hoped that those who truly 
wish to serve Science, even though they do not 
believe that motion pictures will achieve a place of 
major importance in scientific institutions, will accord 
posterity the opportunity of deciding the matter by 
creating libraries or reservoirs of motion picture 
films’’. 


1 Michaelis, A. R., ‘‘Research Films’ (Academic Press, New York, and 
‘Academic Books, London, 1955). 

* Brown, H. G., Brit. Kinematogr., 20, No. 5 (1952). 

* Johnson, E. R. F., Proc. Amer. Phil. Soc., 81, 79 (1939). 
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THE WENNERGREN INTERNATIONAL CENTRE FOR 
SCIENTIFIC RESEARCH 


HE Swedish industrialist Dr. Axel Wenner- 

Gren has recently announced a new donation 
for the benefit of science, to be administered by a 
new foundation called the WennerGren Centre for 
Scientific Research. Some of his earlier gifts for 
science are well known. In 1937 he founded the 
WennerGren Society in Stockholm and the Institute 
for Experimental Biology in the University of Stock- 
holm. The Society has supported the Institute as 
well as many research activities in other fields. In 
1941 he created in New York the Foundation for 
Anthropological Research, which has among other 
activities not less than five scientific expeditions in 
South and Central Africa studying the first traces 
of the early history of man. This Foundation also 
serves most successfully as a clearing centre for a 
large number of universities and specialists in the 
field of social and anthropological sciences. It may 


be mentioned that the discovery of the carbon-14 : 


method for age-determination by Prof. W. F. Libby 
was the product of an investigation supported by 
this Foundation. 

Dr. WennerGren’s new donation may be considered 
as a first step for stimulating and supporting inter- 
national co-operation in scientific research on a 
broader base. The members of the board of the new 
Foundation have just been announced. Chairman of 
this Foundation will be the Lord Chamberlain of 
Sweden, Birger Ekeberg, who is also chairman of the 
WennerGren Society and of the Nobel Foundation. 


The first undertaking of the new Foundation wil] 
be a building to serve as the permanent seat for the 
central organization. The building also will have 
and this is a@ very important point—accommodation 
for housing (at moderate costs) foreign scientists who 
are doing research work at one of the many research 
institutes in the Stockholm area. For this purpose, 
there will be furnished apartments and rooms for 
about a hundred scientists, restaurants, club-rooms, 
lecture halls, etc. It will also serve as a meeting 
centre for national and international symposia, as 
well as for smaller and informal gatherings for the 
promotion of personal contacts between scientists 
from different research fields. 

It is expected that the Government of Sweden and 
the City Council of Stockholm, which have shown an 
active interest in the plans, will provide a suitable, 
centrally located site for the building. According to 
the present plans, the new building will be ready for 
occupation in about two years. 

From the communication in which Dr. Wenner- 
Gren announced his new donation, the following 
words may be cited: ‘For a long time I have per- 
sonally been convinced that many of the great 
problems of mankind can have a satisfactory solution 
only on a scientific basis. That is the reason why | 
have tried to support both pure and applied research 
for many years and I have now decided to make 
available—one could say by instalments—my re- 
sources for the furthering of such activities’’. 


OBITUARIES 


Dr, W. G. Shilling 


Dr. W. G. Suriitnc, head of the Materials Division 
of the Aeronautical Inspection Directorate, Ministry 
of Supply, died suddenly on October 16. 

William George Shilling was born at Faversham, 
Kent, on February 21, 1899. During 1910-16 he 
attended the Henry Wreight School, now the Faver- 
sham Grammar School, where he passed the Inter.- 
B.Se. (London) Examination. He joined the Army 
at the age of seventeen, was commissioned and was 
awarded the Military Cross in 1918. His rank on 
demobilization in 1919 was staff major. 

Shilling spent the next eight years at East London 
(now Queen Mary) College, University of London. 
He graduated B.Se. (honours in chemistry) in 1921 
and then began research on the specific heat of gases 
under the direction of Prof. J. R. Partington. After 
making very accurate determinations at ordinary 
temperatures, he extended the method, which 
involved measuring the velocity of sound, to higher 
temperatures up to 1,800° C. Shilling was a most 
ingenious and skilful manipulator, expert in devising 
and perfecting apparatus. He also collaborated with 
Prof. Partington in writing a book, ‘“The Specific 
Heat of Gases”, a classic in this field. Shilling was 
awarded the M.Sc. in 1922 and D.Sc. in 1927. 

During 1927-43 Shilling was in charge of chemical 
and physical research for the International Paint 


and Compositions Co., Ltd., Newcastle upon Tyne. 
His main work was on ships’ under-water paints, 
but he also dealt with all other types of protective 
and decorative finishes. During this time he played 
a leading part in the local civil defence organiz- 
ation. 

In 1943 Shilling joined the Aeronautical Inspection 
Directorate as the assistant director in charge of the 
non-metallic materials branch, becoming head of the 
Materials Division in 1947. For some years he was 
also responsible for the technical direction of the 
A.I.D. Laboratories at Harefield, being especially 
concerned with the development of new methods 
of inspecting and testing the wide range of materials 
and equipment used in Service aircraft and ground 
installations. 

Throughout his life, Shilling retained his manual 
dexterity, and he was interested in clock making and 
the construction of electronic apparatus. He kept 
his love of the countryside and was never happier 
than when working on his estate; he was a loyal 
member of his Church and a keen Mason. His 
modesty, good nature and integrity won Shilling a 
host of friends in many walks of life, who mourn his 
untimely death. He is survived by his widow and 
two daughters, whose consolation will remain that 
his happy home was the centre of his life. 

H. J. Curnow 
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Dr. J. W. Nicholson, F.R.S. 


‘May I supplement Prof. W. Wilson’s account of 
Dr. J. W. Nicholson in Nature of December 3 with a 
reminder that throughout most of his working life 
Nicholson was prominent on the British Association 
Mathematical Tables Committee, of which he was 
secretary from 1910 until 1920 and then chairman un- 
til his retirement ? It is to be regretted that his name 
is nowhere conspicuous in the volumes issued by the 
Committee after 1930, for it was under his influence 
that a number of people, each with a pet function or 
a pet range of his own, became a body concerned 
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Chemistry at the Royal Holloway College, London: 
Dr. E. J. Bourne 


Dr. E. J. Bourne, reader in organic chemistry in 
the University of Birmingham, has been appointed 
to the chair of chemistry at the Royal Holloway 
College, University of London, in succession to the 
late Prof. G. Williams. Dr. Bourne, who is thirty- 
three years old, received his early education at 
Rugeley Grammar School and entered the University 
of Birmingham in 1939. He graduated with first- 
class honours in 1942, gaining the Frankland Medal 
and Prize and a University research scholarship. He 
was awarded his Ph.D. in 1945 and his D.Sc. in 1953. 
He has published some eighty papers and has gained 
an international reputation for his work on carbo- 
hydrates, particularly in the field of starch chemistry. 
His most notable early work, carried out in close 
association with the late Sir Norman Haworth and 
Prof. S. Peat, was on the isolation and characteriza- 
tion of the well-known ‘Q’ enzyme which synthesizes 
the amylopectin component of starch. He has made 
outstanding contributions to the enzymic synthesis 
and degradation of starch and other polysaccharides 
such as nigeran and dextran. His more recent work, 
largely carried out in collaboration with Prof. M. 
Stacey and numerous pupils, has been concerned 
with the chromatography and infra-red examination 
of sugars, application of carbon-14 in carbohydrate 
synthesis and the -tbiological synthesis of oligo- 
saccharides. With Dr. J. C. Tatlow he has made 
notable contributions to the reactions of trifluoro- 
acetic acid. At present he is interested in the effects 
of y-radiation on organic reactions and on some 
theoretical considerations regarding the formation of 
acetals, At Birmingham he has had wide experience 
in lecturing and in the organization of various 
laboratory courses, including extra-mural classes. He 
has served on the Faculty Boards of Biological Science 
and of Pure Science. He has been a particularly 
active member of the Midland Chemists Committee 
and has served as a local secretary for the meetings 
of the British Association and the Society of Chemical 
Industry and at present is a member of council of 
the Chemical Society. 


Physics in the University of Hull : 
Prof. G. F. J. Garlick 


Dr. G. F. J. Garwicx, lecturer in physics in the 
University of Birmingham, has been appointed to 
the chair of physics in the University of Hull, which 
has been vacant since the retirement of Prof. L. 8S. 
Palmer in 1954. Dr. Garlick was educated at Wed- 
nesbury Boys’ High School and in the University of 
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collectively with the principles and problems of 
computation and presentation. The decade in which 
the Committee regained and enhanced the prestige 
which it had enjoyed in the nineteenth century was 
preceded by a decade of exploration, discussion, and 
anxious self-criticism ; and it was owing to Nichol- 
son’s mathematical versatility and uncanny power of 
focusing attention on the essential points on both 
sides of any argument that a decade as unspectacular 
as a wheatfield in spring was also as rich in vitality 
and in promise destined to be fulfilled. 
E. H. NEVILLE 


d VLEW-S 


Birmingham. After graduation, he remained at 
Birmingham to take part in war-time studies of 
luminescent materials under the leadership of J. T. 
Randall, who as a Royal Society Research Fellow 
had already established a laboratory for the study 
of luminescence within the Department of Physics. 
During this period, Dr. Garlick gained not only 
enthusiasm for a branch of physics that was in rapid 
development, but also knowledge of the physical and 
chemical techniques upon which its further progress 
must be based. When Randall was appointed to the 
chair of physics at St. Andrews, Garlick was the only 
member of his group to remain in Birmingham and 
to continue this work, which for some years after the 
War was supported by the Department of Scientific 
and Industrial Research. He re-established a small 
but active group, whose interests were soon extended 
from polycrystalline materials bombarded with elec- 
trons or ultra-violet light to a wider field including 
the use of a-particles and particularly of single 
crystals, in the growth of which he and his colleagues 
became highly expert. Latterly, studies have been 
made of phosphors emitting in the infra-red and of 
photoconductivity due to infra-red radiation. Dr. 
Garlick was appointed in 1949 to a University 
lectureship in Birmingham and has sustained a full 
share of teaching with no perceptible slackening in 
the flow of research publications. He is the author 
of a well-known monograph on luminescent materials 
and of several review articles. 


Environmental Control in Crop Experimental Work 


Dr. J. P. Hupson, of the Department of Horti- 
culture, University of Nottingham, has completed 
the first draft of a directory of equipment at present 
in use in universities and research stations in Great 
Britain for providing control of experimental environ- 
ments. It is hoped eventually to publish it, under 
the title “Environmental Control Equipment in 
Britain’”’, as Miscellaneous Publication No. 8 of the 
Department. Dr. Hudson is anxious that the directory 
should be as complete and accurate as possible, and 
will be pleased to send copies of the draft to any 
interested individuals or organizations who have not 
already been referred to, and to incorporate details 
of their installations in the final publication. The 
preliminary draft gives an account of the principles 
of environmental control, and of the different methods 
used to achieve it, as well as the list of existing 
installations. The use of controlled-environment 
equipment is rapidly spreading, and this directory 
should greatly assist anyone planning a new installa- 
tion, by making it easy to draw on the experience 
of users of similar equipment. 
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A ‘Tropical Storm’ photographed from a Rocket 

In the June number of the Monthly Weather 
Review, L. F. Hubert and O. Berg, of the United 
States Weather Bureau and the United States Naval 
Research Laboratory, respectively, show and describe 
the first photographs taken from a rocket of the 
clouds of a tropical storm. The ascent was made 
in New Mexico on October 5, 1954, and was not 
made especially for photography of clouds from above. 
The photographs were taken by two cameras, one 
giving black-and-white and the other colour photo- 
graphs, when the rocket was at a height of a hundred 
miles. The rocket rolled slowly as it moved so that 
the cameras scanned successive overlapping strips of 
the Earth. A composite photograph of the clouds 
over an area of 1,250,000 sq. miles is given in the 
article. The principal feature is a tropical storm 
centred near Del Rio, Texas, and the spiral structure 
of the clouds of the storm is clearly visible. This 
storm moved inland from the Gulf of Mexico and 
was quite a mild one, giving winds of only 18 knots 
over Texas. The convection was strong enough, 
however, to give three inches of rain at Brownsville, 
Texas, in three-quarters of an hour and more than six 
inches in three hours. The rocket photographs show 
two minor vortices the existence of which had not 
been suspected from the synoptic observations. From 
the photographs and other evidence, it is found that 
the axis of the storm extended about seven miles 
vertically and fifty-five miles horizontally. The slope 
of the axis fits well with a formula due to Panofsky 
giving it in terms of the curvature of the horizontal 
pressure profile and the horizontal gradient of 
temperature. The authors state that plans are in 
hand to fire rockets specifically for research into 
hurricanes and look forward to photography by 
rocket of the clouds over widespread tropical regions, 
such as South Equatorial America, which are as yet 
but little investigated. 


Higher Education in the Colonies 

In a written reply in the House of Commons on 
December 6, the Secretary of State for the Colonies, 
the Right Hon. A. Lennox-Boyd, said that the 
Government had contributed £6,453,301 from 1945 
to March 31, 1955, towards the capital cost of universi- 
ties, university colleges and colleges of art, science 
and technology in the Colonial Territories. This total 
included £1,710,804 to University College, Ibadan, 
£1,087,223 to Makerere College, and £2,423,129 to the 
University College of the West Indies ; but not the 
allocations of £1,019,000 and £350,000 to the Univer- 
sity of Malaya and the Kumasi College of Technology, 
respectively, on which no cal] had yet been made. 
Although grants towards recurrent costs are not 
normally made, during the period 1954-55 grants for 
this purpose of £29,775 and £24,000, respectively, had 
been made to the University College of the West 
Indies and to Fourah Bay College, Sierra Leone. The 
total expenditure on education for the current year 
for the West Indies, Gold Coast, Nigeria, East and 
Central Africa, Malaya and Singapore was estimated 
at £56,666,967. 


The Tensor Club of Great Britain 

Durinc the past two decades the matrix and 
tensor calculus has found increasing application in 
the analysis of practical and particular problems in 
engineering, especially electrical engineering. About 
five years ago the Tensor Club of Great Britain was 
formed for the purpose of bringing together engineers 
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and others interested in matrix and tensor analy «is, 
and for spreading information regarding applicati: iis, 
The Club produces the Matrix and Tensor Quarte |, 
@ magazine with about a hundred and sixty pa ‘es 
per volume which is-sent out to about a hundred «nd 
fifty subscribers. Of the present members of (he 
Club, about a half reside in Great Britain and ab. ut 
a quarter in the United States. There are «!so 
members in other countries, including France, Ja) an 
and India, and liaison has been established with «he 
Tensor Society of Japan. The Club maintain: a 
small lending library, and reciprocal arrangem« sits 
exist for the exchange of magazines with the Mat lhe.- 
matisch Centrum of Amsterdam, and with iwo 
universities in Japan. The membership of the (!ub 
is comprised mostly of engineers, physicists, mat)ie- 
maticians and chemists, employed in industry, 
research establishments, public utility companies and 
teaching. Information regarding membership can be 
obtained from S. Austen Stigant, 7 Courtlands 
Avenue, Hayes, Kent. 


Chemical Composition of the Larger Seaweeds 


AN account has been given by D. J. Wort (Canad. 
J. Bot., 33, 4, 323; 1955) of the seasonal variations 
in the chemical composition of Macrocystis integrefolia 
and Nereocystis luetkeana growing in the coastal 
waters of British Columbia. These two seaweeds 
were collected at two stations at monthly intervals 
from October 1949 until September 1951. Analyses 
of fronds and of stipes were made for dry weight, 
ash, total nitrogen, total phosphorus, sulphur, copper, 
zine, iron, ether-solubles, algin, mannitol, fucoidin, 
and laminarin. Generally speaking, the fronds had a 
higher content of all substances measured than did 
the stipes, and the content of the two species of algae 
showed parallel variation but differed in values. 
Dry weight and ash were at maxima in autumn and 
winter and at minima in April and May. During 
March, total nitrogen, ether-solubles, mannitol, 
fucoidin and laminarin were at their highest con- 
centration. The plants in July contained the minima 
of total nitrogen, phosphorus and ether-solubles. 
The maximum for phosphorus occurred in December. 
and during this same month fucoidin was at minimum. 
The variation of sulphur, copper, zinc, iron and algin 


was such that well-marked minima and maxima were © | 


not evident. The author points out that while photo- 
synthetic processes in the brown algae are consider- 
ably less well understood than they are in green 
plants, it is probable that phosphorylated mannose 
compounds are involved in the sequence, mannitol, a 
hexahydric alcohol, being important. The fronds of 
the two algae investigated have their highest mannito 
contents during spring and early summer, the period 
of most active photosynthesis. The seasonal relation- 
ships of the other products of photosynthesis are also 
discussed. 


Banana Wilt Disease 

In recent investigations, in Jamaica, of Panama 
disease or vascular wilt disease of bananas (Fusarium 
oxysporum f. cubense), J. Rishbeth has confirmed 
earlier findings on the mode and progress of infection 
and has contributed some new and _ interesting 
information on this important disease and on the 
biology of its causal organism (Ann. Bot., N.S., 19, 
No. 75, 293; 1955). The pathogen has proved 
difficult to isolate from soil by plating, but it can be 
detected in soil by using ~ suitable host. Thus when 
small bananas were grown in pots under appropriate 
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conditions, pathogenic isolates of F’. oxysporum pro- 
duced rhizome infections, whereas other isolates did 
not. When F. oxysporum isolates were obtained by 
plating from various sources, the proportions which 
proved to be pathogenic were: 91 per cent from the 
rhizome or pseudostem of plants showing typical 
wilt ; 29 per cent from variously affected roots ; and 
0 per cent from soil. The information now available 
suggests that the banana pathogen, like other 
parasitic forms of F. oxysporum, has a limited host 
range ; however, it has now been shown to cause a 
limited root infection of Heliconia psittacorum and 
may possibly originate on species such as this related 
to the banana. An account is also given in the paper 
of the development of the disease in sites which had 
been replanted after previous infection and abandon- 
ment. New cases may arise both spontaneously and 
in association with pre-existing ones, the rate of 
appearance of each type tending to decline after an 
initial rise. Although, on the evidence, F. oxysporum 
. cubense only survives for a relatively short period 
in infected plant material, owing to rapid decay, it 
nevertheless survives for many years in the soil. A 
marked increase in the population of the pathogen 
takes place a few months after wilt disease appears, 
but there is a decline after infected plants are removed. 
Wide variation was found in the ratio of non-patho- 
genic to pathogenic strains of F. oxysporum in soils, 
but it is usually very high. The possible mode of 
survival of the pathogen in soil is discussed. 
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Forestry Abstracts 


ForESTRY is a science of region-wide husbandry 
and land use, and the training of the forester is based 
on many sciences ; for example, he must survey and 
map both from the ground and the air, be able to 
construct, and certainly maintain, roads, bridges, 
cable-ways and buildings, and handle specialized 
machinery. These are in addition to his interest in 
his major object—the production of wood—which 
takes him a long way into applied biology, genetics, 
physics, mechanics and chemistry. In a recent number 
of Forestry Abstracts (16, No. 2; 1955; Common- 
wealth Forestry Bureau, Oxford) an article entitled 
“The Literature of Forestry: an Appraisal’ gives 
the aims and objects of the Abstracts. “In view of its 
primary function—to act as an effective clearing- 
house of information for scientists and research 
workers . . . in forestry—ready access to all of the 
relevant literature is a constant basic objective of 
this and of every Bureau of the Commonwealth 
Agricultural Bureaux Organization. In the world of 
to-day, with scientific publishing an_ ill-ordered 
jungle, and procurement aggravated by post-war 
political barriers, such an object must remain im- 
possible of attainment.’ In consequence, material of 
value to the forester’s work must be watched for in 
a very wide range of non-forestry publications, from 
a microscopists’ journal to the monograph in applied 
chemistry (of course, these difficulties are shared in 
varying measure by other sciences). A century ago, 
there was very little forestry literature published in 
the English language. The great expansion has taken 
place during the present century ; the most important 
part, but by no means the whole, is published in the 
bulletins, reports, etc., issued by research centres and 
in the leading scientific periodicals. In the article in 
Forestry Abstracts some interesting figures are given 
of the great increase in the mass of literature both in 
volume and variety of origin since the Second World 
War. In January 1947 periodicals numbered 379 and 
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serial sets (including annual reports) 470; total 849. 
In January 1955, periodicals were 555 and serial sets 
755 ; total 1,310. This mass of publications originated 
from nearly a hundred countries with more than 


thirty languages. 
Madrid Observatory Almanac for 1955 


A comparison of “The Nautical Almanac” with 
the ‘“‘Anuario del Observatorio Astronémico de Madrid 
para 1955” (pp. 429+ 2 plates. Madrid: Observatorio 
Astronémico, 1954; 40 pesetas) shows that, while 
practically the same ground is covered by each, the 
Spanish publication contains some additional matter 
which will prove useful to astronomers in other 
countries. In general, the “‘Anuario”’, which is pub- 
lished under the direction of Sr. Martin Lorén, follows 
the plan that has been in use for some years. Among 
the additional matter may be noticed a list of forty- 
four periodic comets which have been observed from 
467 B.c. up to A.D. 1942, the first of these being 
Halley’s Comet and the last Comet Oterma. This is 
followed by a catalogue of the principal constellations, 
arranged in order of their right ascensions, then by 
another catalogue of clusters and nebule visible from 
Spain, and also one of double stars. The geographical 
positions of the chief observatories are given, after 
which.there are 113 pages dealing with visual double 
stars. This section commences with a short historical 
sketch, starting with Riccioli’s description in 1650 of 
¢ Urs. Maj., and including an account of the work 
done by various observers in this branch of astronomy 
up to recent times. Methods of observation, measure- 
ments by means of the interferometer, Hargreaves’s 
comparison micrometer with diagrams explanatory 
of the principle, etc., are dealt with, and the section 
ends with a description, covering fifty pages, of the 
method of determination of binary orbits. This 
includes two tables for facilitating the computations, 
and everyone interested in the computation of the 
orbits of binaries will find this portion very helpful. 


Origin of Stellar Systems and Planets 


A tone article by Alexandre Dauvillier, dealing 
with the origin of galaxies, planetary systems, satel- 
lites, comets, etc. (l’origine de la terre, systémes 
stellaires et planétaires: structure et origine), is to 
be found in La Revue Scientifique (No. 3324, July- 
December 1953), the article being based on an annual 
inaugural address of the course of cosmic physics 
given at the Collége de France, Paris; those inter- 
ested in problems of cosmology will find much in it 
of considerable importance. The formation of 
planetary systems is, according to Dauvillier, merely 
@ particular case of stellar interactions, resulting 
generally in the formation of double and multiple 
stars. It is estimated that our Galaxy must contain 
at the least two thousand million planetary systems, 
though many of the planets may have very eccentric 
orbits resembling those of comets ; others may have 
planets more massive than Jupiter, and many other 
variations from what we find in our solar system are 
inevitable. 


Postgraduate Awards in British Commonwealth 

Universities 

THe Association of Universities of the British 
Commonwealth has issued as a separate pamphlet 
Appendixes II and III of the Commonwealth 
Universities Yearbook, 1955 (pp. 117; from the 
Association at 36 Gordon Square, London, W.C.1). 
The first of these, which is printed in accordance 
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with a resolution of the Congress of Universities of 
the Commonwealth in July 1948, lists postgraduate 
awards for advanced study and research tenable in 
the United Kingdom. Each award is differentiated 
in respect of eligibility for graduates of universities 
in the United Kingdom, graduates of British univer- 
sities overseas, and graduates of universities outside 
the British Commonwealth. The awards are arranged 
by subject, and those open only to graduates of 
the university announcing it are not included. 
Appendix III lists similarly some of the more 
important postgraduate awards tenable overseas by 
British graduates, but does not claim to be ex- 
haustive ; it is intended primarily for United Kingdom 
graduates wishing to study abroad. The pamphlet 
is well printed and produced and constitutes a most 
convenient pocket reference work. Reference is made 
to other publications of similar type. 


Paris Academy of Sciences 

Tue following elections have been made by the 
Paris Academy of Sciences: Prof. R. de Malleman, 
professor of physics in the University of Nancy, to be 
a@ non-resident member in succession to the late 
Dr. P. Teilhard de Chardin; Prof. G. Darmois, 
professor of mathematics in the University of Paris, 
to be member of the Astronomy Section in succession 
to the late Dr. J. Chazy ; Prof. E. Gaumann, professor 
of plant pathology in the Swiss Federal Institute of 
Technology, Zurich, and Prof. A. Blalock, professor 
of surgery in the Johns Hopkins University, Balti- 
more, to be foreign associates in succession to the late 
Prof. A. F. Blakeslee and the late Sir Alexander 
Fleming, respectively. 
Eighth Science Congress of the Royal Society of 

New Zealand 

THE report of the Eighth Science Congress of the 
Royal Society of New Zealand, held at Auckland 
during May 17-21, 1954, has now been published as 
Part 4 of Vol. 82 of the Society’s Transactions (pp. 
150. Wellington: Royal Society of New Zealand, 
1955). Besides the presidential address of Dr. 
W. B. B. Oliver, on ‘“‘Changes in the Flora and Fauna 
of New Zealand’’, it includes the addresses of the 
chairmen of the various sections, with the exception 
of Section J (Anthropology), which is given only in 
abstract. Also published in the report are the two 
public lectures: that of Prof. M. L. E. Oliphant on 
“Science and Mankind’’, and that of Dr. R. N. 
Robertson on “The Struggle against Equilibrium—a 
Physico-Chemical Problem in Life”. Prof. Oliphant’s 
examination of the foundations of scientific activity, 
the part it now plays in any developed community 
and where it is likely to lead, is of very general 
interest ; and his comments on the use and misuse of 
knowledge, particularly with reference to nuclear 
physics, are highly pertinent to current discussions 
on nuclear weapons and nuclear power. A number 
of chairmen’s addresses are also of general interest, 
notably Prof. E. Beaglehole’s discussion of the 
study of social change in-relation to the administra- 
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tion of programmes of technical assistance, thai 
of Dr. M. M. Burns on “Agricultural Science : 
Contributions and Challenges’, and, to a lesse: 
extent, Mr. J. I. King’s discussion of the relativ« 
problems of the two professions of architecture 
and engineering. The contributions of Dr. H. | 

Askew on biology and the trace elements, of |) 

R. C. Lister on rural settlement, with examp!:s 
from Canterbury and Southland, and of Mr. N. }'. 
Taylor on the role of soil science in New Zealand 
problems, are more specialized but still of so: 

general interest, and are presented in a way which 
will appeal to the general public. 


Announcements 

Dr. R. L. SmrrH-Rose, director of radio research 
in the Department of Scientific and Industria) 
Research, has been appointed acting director of the 
National Physical Laboratory, following the resig- 
nation of Sir Edward Bullard and pending the 
appointment of a new director. 

Dr. Dettev Bronx, O.B.E., For.Mem.R.S8., presi- 
dent of the Rockefeller ‘Institute and of the U.S. 
National Academy of Sciences, has been appointed 
chairman of the Board of the U.S. National Science 
Foundation. 

Mr. K. J. B. Woureg, formerly deputy director of 
research for the B.S.A. Company, Ltd., and chief 
metallurgist, B.S.A. Tools Group of Companies, has 
been appointed head of fundamental research by the 
Triplex Safety Glass Co., Ltd., and will take charge 
of the company’s new research department to be 
built at its Willesden factory in West London. 


Tue Cigar Manufacturers Association of America, 
in conjunction with the Cigar Institute of America, 
has made this year’s Cigar Industry Annual Research 
Award to Dr. Walter G. Frankenburg, of Lancaster, 
Pennsylvania, in recognition of his outstanding con- 
tributions to the development of the basic science 
and technology of tobacco; in particular, for his 
investigations of the chemical processes that occur 
in the harvested tobacco leaf, including the con- 
version of nicotine into a series of other substances, 
and for the successful application of this new 
knowledge to problems of the cigar industry. The 
Award is open to persons engaged in research on the 
chemistry, biochemistry, biophysics, physiology or 
agronomy of cigar tobaccos. Consideration for the 
next Award will be given to all communications 
submitted to the Chairman, Industry Committee on 
Awards, Room 2214, 350 Fifth Avenue, New York 1, 
N.Y. 

ErratuM.—Referring to the article ‘Acceleration of 
Abscission by a Factor produced in Senescent Leaves”, 
by Dr. Daphne J. Osborne (Nature, December 17, 
p. 1161), the author writes that in Table 1, the figure 
55 in the second column from the left should be 65. 
Moreover, a cursory glance at the table might lead 
the reader to suppose that all the data refer to one 
experiment rather than to four. To avoid this, the 
following table should be substituted : 














Table 1. Average time in hours for abscission of bean explants when (a) agar blocks containing diffusates from young or abscinded pulvini 
are applied to the pulvinar end ; or (6) whole pulvini are sealed with agar to the pulvinar end 
| 
(a) 2 oe (b) | 
Control Diffusate from Diffusate from Control Pulvini from ~ Pulvini from | 
young pulvini abscinded pulvini | attached leaves abscinded leaves 
Expt. 1 107 105 88 | Expt. >120 55 (from senescent leaves) 45 | 
Expt. 2 61 65 53 Gane 57 56 (from young leaves) 37 | 
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’T “HE Wellcome Museums of the Royal College of 

Surgeons of England were formally opened on 
November 20 by Sir Henry Dale, chairman of the 
Wellcome Trustees. The ceremony took place in the 
Great Hall of the College, situated immediately 
beneath the Museums, and the gift was accepted on 
behalf of the College by the president, Sir Harry 
Platt. 

The erection of the Museums has been made 
possible by a generous gift of £100,000 to the College 
by the Wellcome Trustees. The grant was made in 
recognition of the service which the College has 
rendered not only to surgery but also to a much 
wider range of medical and scientific knowledge by 
the maintenance of its historic and world-famous 
museums of human and comparative anatomy and 
pathology. In accordance with the terms of the 
Trust, the grant was ‘‘for the foundation or extension 
of Museums dealing with medical science or research”’, 
a description which was in accordance with the policy 
of the College Council, which has for long regarded its 
museums and research laboratories as complementary 
to each other. 

The further condition that the name of Wellcome 
should be associated with the Museums was one with 
which the College was happy to comply, for the late 
Sir Henry Wellcome was an honorary fellow of the 
College. 

The Museums are contained in the south-eastern 
part of the College, the first part to be rebuilt and 
enlarged after war damage in 1941. They are situated 
on the second, third and fourth floors, lying immedi- 
ately above the Great Hall and coinciding with it in 
area. The general plan is the same on each floor, 
the main area (about five-sevenths) forming the 
exhibition room and the remainder being devoted to 
research and work-rooms connected with the respec- 
tive museum functions. Adjacent are the other parts 
of the College’s Departments of Pathology and 
Anatomy, with their research laboratories and (yet 
to be built) demonstration rooms. Thus on each 
floor the, Wellcome Museum forms an integral part 
of the department, the threefold activities of which, 
dealing with museum, research and teaching, are 
co-ordinated by the Sir William Collins professor of 
human and comparative anatomy and conservator of 
the Anatomical Museum and by the Sir William 
Collins professor of human and comparative pathology 
and conservator of the Pathological Museum. 

On the second floor the approach is through the 
research rooms of the Department of Pathology and 
the offices of the conservator (Prof. G. J. Cunning- 
ham). The Wellcome rooms begin with the office of 
the pathology curator (Dr. L. W. Proger), adjacent 
to which is a research laboratory and opposite is a 
museum preparation room and workshop. The 
exhibition room itself shows the layout intended 
for all three museums, namely, five bays along either 
side of the room, each containing specimen shelves 
on three sides and a table and chairs for study in the 
centre. The central aisle of the room can be laid 
out with floor stands or left free for temporary 
exhibitions. ‘Natural’ fluorescent lighting has been 
provided, and this with the neutral grey background 
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displays the colour of the specimens to best advan- 
tage. 

The present collection is made up of specimens 
surviving war damage, together with more receit 
additions. The specimens are arranged in lettered 
sections according to systems: S, skeletal; A, 
alimentary; etc. Catalogues with descriptions, 
clinical and histological notes are provided, and 
reference to histological slides may be made if 
required. In suitable cases, photomicrographs, X-rays 
or clinical photographs are mounted with the specimen 
to complete the pathological picture. Future progress 
with this collection involves improving quality, 
extending the series of exhibits and making good 
deficiencies. 

On the third floor the approach is similarly through 
the research rooms of the Department of Pathology, 
though the rooms on this floor are temporarily let to 
the Imperial Cancer Research Fund as biochemical 
laboratories. The Wellcome rooms on the third floor 
start with the photographic studio unit and a large 
museum store. In the exhibition room the arrange- 
ment of the shelves at the near end is similar to that 
of the room below, while at the farther end a space 
has been partitioned off, by agreement with the 
Wellcome Trustees, as a demonstration room for 
students taking the Basic Medical Sciences course. 
This is a temporary arrangement, pending com- 
pletion of the next phase of rebuilding the College, 
and the whole room will be devoted to the exhibition 
of specimens within the space of two or three years. 

The present exhibits include the Teratology Section 
and selections from the Odontological Collection, the 
War Collection, and Hunterian Collection. On com- 
pletion of the next phase of the rebuilding pro- 
gramme, this room will be devoted to a museum 
illustrating the general principles of pathology. In 
this collection provision will be made to supplement 
the specimens with photographs, charts and diagrams. 

The fourth floor forms a part of the Department 
of Anatomy, and here again the approach is through 
the research rooms and the offices of the conservator 
(Prof. G. W. Causey). As on the other floors, the 
Wellcome rooms are reached just before the ex- 
hibition room and include a workshop and mounting 
room, an embalming and preparation room and a 
prosectors’ room. The room at present used for 
prosectors is destined eventually to become the 
curator’s room. 

The exhibition room itself, the Museum of 
Anatomy and Physiology, is eventually to be laid 
out with bays on very much the same plan as that 
of the second floor. Meanwhile, however, the Well- 
come Trustees have generously agreed to accom- 
modate the College during its rebuilding by allowing 
demonstrations to be held in the Museum. Two 
rooms have therefore been formed by the erection of 
light partitions, and steel shelving has been put up 
as a temporary arrangement on all the available 
wall space. 

The first part of the exhibition room contains the 
Hunterian Physiological and Comparative Anatomical 
Collection that will be ultimately housed in the 
rebuilt west end of the College. The far end of the 
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exhibition room contains the human anatomical 
specimens that will later be arranged in cubicles 
covering different systems, illustrated by suitable 
tracings and diagrams of selected physiological and 
pharmacological reactions. 

These new Museums occupy nearly the same site 
as the rooms which were destroyed by enemy action 
in 1941, though they are at a higher level and are 
more economical of space, each occupying one com- 
plete story, compared with the nineteenth-century 
rooms which consisted of a floor and two galleries. 


THE NATIONAL LEATHERSELLERS 
COLLEGE 


By Dr. J. P. DANBY 
Principal 


N November 15, the Minister of Education 
opened extensions at the National Leather- 
sellers College in Bermondsey, London, 8.E.1. These 
consist of a three-story wing housing new research 
laboratories, a lecture theatre and a senior common 
room, and drying rooms for heavy and light leather, 
together with a single-story block consisting of yards 
for the preliminary and tanning processes for both 
heavy and light leather manufacture. Moreover, the 
additional space provided has facilitated the re- 
equipment and modernization of the original building, 
which is now almost fifty years old. 

The College was founded and built in 1909 by the 
Worshipful Company of Leathersellers, following the 
success of the courses in leather manufacture which 
had been given since 1895 at the Herolds Institute. 
During these years, rapid developments were taking 
place in the field of leather chemistry, and it was 
becoming apparent that the subject merited individual 
facilities for training and research. The appreciation 
of fundamental principles underlying the processes of 
a craft industry by men such as Procter, Stiasny and 
Knapp was raising leather manufacture from a craft 
to a science, with the consequence that a rapid 
expansion took place in the demand for men 
with a scientific trainmg by tanners all over the 
world. 

Between 1909 and 1951 the Leathersellers Tech- 
nical College became recognized throughout the world 
as one of the leading institutions in this sphere of 
instruction, and under three successive principals 
gained a wide reputation for the training of tech- 
nologists in the leather industry. However, although 
improvements and additions to the College were 
made from time to time, it was inevitable that sooner 
or later major developments would be necessary if 
the College were to maintain its place in the advance 
of technological education. Consequently, when the 
Minister of Education, following the recommendations 
of the Percy Report, decided to found a number of 
colleges with national status to accommodate the 
educational needs of the smaller industries, the 
leather industry approached him with the request 
that. the Leathersellers College should be recon- 
stituted as the National College for the Leather 
Industry. A trust deed was drawn up, a widely 
representative board of governors was appointed, and 
the National College came into being in September 
1951. Shortly afterwards, plans were drawn up to 


extend and re-equip the College, and this has now 
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been done at a cost of more than £90,000, a part \ 
which has been provided by the industry itself.  n 
consequence, there is little doubt that the College is 
now one of the finest of its kind in the world. 

Since the tanner’s raw material is animal ski: ;. 
the technology of leather manufacture is based ..n 
protein chemistry. At the same time, because of t!:c 
variety of other materials used in the manufacturiiig 
processes, a trained technologist must possess so...c 
knowledge of a wider range of both natural aid 
synthetic products than is called for by almost any 
other industry, and the subject has therefore 801.16 
connexion with all the main branches of pure, and 
many aspects of applied, chemistry. From tie 
practical point of view also, the range of leathers in 
common use‘ necessitates, in a teaching institution, 
facilities for their manufacture from the raw skin io 
the finished product. Further, some familiarity with 
the ancillary subjects becomes necessary in so far as 
they impinge on both the theoretical and practical 
aspects of the principal study. 

The scientific and practical approaches have always 
been the foundations of the College courses; although 
in the past the training has been more squarely based 
on processes than on theory, the latter has by no 
means been neglected. However, the advances which 
have been made in fundamental knowledge and its 
systematization, and the development of new tech- 
niques, now demand a far more exhaustive course 
than it has been possible to provide hitherto, and 
the extensions and modernization have consequently 
made possible an appropriate and overdue expansion 
of the content of the syllabus. Moreover, in formu- 
lating educational policy, the intentions of the 
Ministry with to academic status have been 
observed in that plans have been made to bring by 
stages the level of instruction up to that of a 
university. 

The material facilities the College possesses are 
unique in so far as that, for practical instruction, 
they include complete yards for the manufacture of 
all types of leather, which are made by students 
working independently, under supervision, as part of 
their course. The layout has been planned to simulate 
ideal tannery conditions, and the machinery and 
other equipment, much of it supplied on permanent 
loan by the makers, is of the latest design. It will 
be possible to process twelve hides per week, and in 
the more flexible conditions of light-leather manu- 
facture, at least twelve dozen skins, by any of the 
commercial—and many of the experimental—tech- 
niques available. A further feature of this department 
is @ complete set of new drying cabinets controlled 
for humidity, temperature and air-flow, incorporating 
devices which have been developed over the past 
decade. All the practical processing work can be now 
carried out on the ground-floor, which in effect 
contains a complete tannery appreciably larger than 
a typical pilot plant. 

The additional laboratory space comprises a newly 
equipped teaching laboratory for senior students, 
and a microbiological laboratory. Another laboratory 
has been furnished for physical testing, and it is 
hoped that in time this will house the most complete 
set of apparatus for this purpose in Britain. These 
are, however, extensions of facilities that existed in 
the original building. An entirely new addition is a 
research laboratory, which includes a small laboratory- 
tannery that is to be used mainly for investigations 
into variations in the processes of the production of 
sole leather. 
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[he College awards its own diploma on a two-year 
course, but an extension of this period to one of 
three years is envisaged to accommodate adequately 
the increased practical and theoretical instruction 
made necessary by recent advances in such tech- 
niques as leather dyeing, tanning with synthetic 
materials, drying and so forth. Moreover, in 
response to the Ministry’s expressed intentions with 
regard to national colleges, the status of the diploma 
course is to be raised in respect to the level of the 
training it provides. Although the diploma is a 
qualification recognized throughout the world in 
leather-producing circles, it does not possess the 
standing of a degree,-and therefore the outcome of 
the protracted discussions on higher awards for 
technology is, as in all similar colleges, awaited with 
some impatience. 

The College offers its own associateship, which 
may be awarded after a year’s research subsequent 
to the diploma, or to a graduate of a recognized 
university after a similar period of study. The pro- 
vision of new research facilities is the most notable 
innovation under the extension scheme, and it is 
worth remarking that all the stages of a research 
programme, from the bench through pilot-plant scale 
production to what is almost full-scale production, is 
here housed under one roof. It is therefore proposed 
to encourage this aspect of the College’s activities 
more vigorously than in the past, and to seek the 
co-operation of tanners and chemical manufacturers 
in the matter. Co-operation already exists between 
the College and the research associations, and the 
Leather Department in the University of Leeds, so 
that in this connexion also the Ministry’s recom- 
mendations are being implemented. 

Outside the diploma course, as much flexibility as 
possible is permitted, notably in the provision of 
short courses of three or six months duration on 
specialized aspects of the subject, and, within the 
confines of space and staff available, every effort is 
made to accept students individually for courses of 
even shorter duration. Short refresher courses of 
from four to six weeks have been a feature since 
1951, and these are to be extended, especially in 
relation to the ancillary sciences. Entirely new 
courses on works and management study in the 
leather trade are planned, as part of the normal 
diploma course, in addition to being offered to the 
industry as a whole. 

The College draws its students from all over the 
world, and although a quota is placed on entrants 
from outside the United Kingdom, the fact is 
evidence of the wide reputation it has gained since 
its foundation. There is a generous staffstudent 
ratio, and with the space now available, and the 
promise of adequate support from the trade, it is 
anticipated that the College will play an increasingly 
important part in the industry to which it belongs. 


FIRST NATIONAL CROP 
PROTECTION CONFERENCE 


HE first National Crop Protection Conference, 

sponsored by the Pesticides Group of the Society 
of Chemical Industry and organized in collaboration 
with the Ministry of Agriculture, Fisheries and Food, 
the Association of British Insecticide Manufacturers, 
the British Agricultural Contractors Association, the 
National Association of Corn and Agricultural Mer- 
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chants, and the National Farmers Union, was held in 
the Winter Gardens, Eastbourne, during October 31- 
November 3. The theme of the Conference was: 
“Practical Aspects of the Use of Insecticides and 
Fungicides in Agriculture and Horticulture”. The 
delegates assembled on the evening of October 31 
for the chairman’s reception at the Grand Hotel, 
Eastbourne, and later attended a film show, at 
which were shown ‘‘Management for Milk’? (Plant 
Protection), “Fruit Tree Red Spider’ (Shell), 
“Cabbage Root Fly’ (Shell) and ‘The Rival World” 
(Shell). The last, a dramatic film illustrating man’s 
ceaseless battle not only for food but also for health 
and very survival against the insect world, under- 
lined the theme of the Conference during the fol- 
lowing days. The Conference proper commenced on 
the following day, when a short account was given 
by the chairman, Mr. J. M. Leonard, of the Society 
of Chemical Industry, of the formation of the Pest- 
icides Group and of the events leading up to the 
holding of the present meeting. Starting with the 
formation of the Agricultural Group of the Society 
in 1942, which gave birth to the Pesticides Panel in 
1950, he told how the Panel had itself become a group 
by 1954, capable of sponsoring the Conference by 
1955, which was no mean achievement. 

The opening address to the Conference was given 
by Sir Thomas Dugdale, who touched upon the 
world’s loss of produce to pests, both in the field and 
in storage. These are serious enough in highly 
developed countries, but in. the less-developed ones 
they must be very much more serious. Since 1940 
there have been enormous strides made in the science 
—and art—of dealing with crop pests; but looking 
back he saw many landmarks in crop protection and 
wondered if there might be such a thing as a “‘fifteen- 
year rule” in these developments. Before 1940, the 
start of the present cycle, tar-oil winter wash for 
fruit trees was introduced about 1925. Derris arrived 
in 1910. Lime-sulphur and banding was 
brought in about 1895. Still earlier, in 1880, there 
are records of ‘London”purple’ (an arsenical) being 
exported to the United States. Before the Second 
World War, links between the manufacturers and 
the ‘official’ research stations were slender and few, 
and differences many, leading to bewilderment on 
the part of the farmer ; now Sir Thomas sees a much 
healthier state of interaction from which the farmer 
is not excluded; the Ministry of Agriculture’s 
Approval Scheme has also marked a great advance. 
He defined four main groups of pesticides: insect- 
icides and acaricides ; fungicides ; nematicides ; and 
herbicides. Substances for the control of birds and 
rodents—mostly the latter—may perhaps be con- 
sidered as a fifth group. The important points to be 
remembered are that the use of pesticides must be 
governed by economics, and that chemicals must not 
be used as substitutes for good farming. Turning to 
the future, Sir Thomas asked what scientists have in 
store for us. Would the fifteen-year rule hold good ? 
Will systematic fungicides really abolish plant 
disease ? Would the only red spiders left be those 
in museums ? Or would Nature fill the vacuum she 
abhorred ? There are already a number of pests 
which have increased in importance due to the 
elimination of predators by pesticides; one answer 
to this is the use of more selective insecticides and 
methods of application. Flies resistant to the 
chlorinated hydrocarbon types of insecticide are 
already a challenge in many places. So long, however, 
as the problems are attacked bearing in mind these 
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consequences of large-scale interference with Nature, 
nothing but good can come of the scientists’ work. 

The first three papers at the Conference were on 
general subjects. In a general survey of eelworm 
problems, Dr. B. G. Peters dealt in broad terms with 
these insidious pests, which are often not detected 
until extensive damage has been caused. A general 
survey of soil pests affecting vegetable crops, by Mr. 
J. W. Wright, was the subject of the following paper, 
arid a general survey on foliage diseases in arable 
crops, by Dr. H. E. Croxall, rounded off these intro- 
ductory talks. Later papers dealt with more special- 
ized aspects. In considering the economics of potato 
blight control, Mr. H. I. Kingston dealt with the 
search for substitutes to replace the now very ex- 
pensive copper compounds, and it appears that small 
quantities of phenyl mercuric chloride can act as 
synergists and effect reductions in the use of copper 
up to 40 per cent. In a paper on virus problems in 
sugar beet, Dr. R. Hull told how loss due to this 
disease has been reduced in recent years, thanks to 
careful rogueing on steckling beds and liberal use of 
insecticides, especially the systemics. The last two 
papers of the day, control of pests in arable crops, by 
Mr. J. L. Hunt, and control of pests in Brassica seed 
crops, by Mr. S. G. Jary, drew much discussion on 
matters ranging from the forecasting of pest incidence 
to the amount of loss which can be suffered by seed 
brassicas without reduction of eventual yield. 

The morning of November 2 was devoted to a 
series of papers on application problems and hazards. 
The application of materials to control pests and 
diseases of pea crops was dealt with by Mr. R. W. 
Shorrock and provoked a lively discussion, in which 
many references were made to the increasing recog- 
nition of eelworm as a widespread pest of this crop. 
The next paper, by Mr. F. W. Morris, on the advan- 
tages of high- versus low-volume spraying, was 
another which led to considerable controversy. Mr. 
Cameron Gifford, speaking on application aspects of 
aphis control in sugar beet, brassicas and related 
crops, emphasized the case for dusting in certain 
instances. Hazards were dealt with by Dr. E. F. 
Edson and Dr. J. M. Barnes for application and 
residue problems, respectively, in a pair of most 
interesting papers in which emphasis was laid upon 
the desirability of education for safety rather than 
‘blanket’ legislation. The meeting then passed to 
consideration of seed dressings. Recent developments 
in the use and application of dual-purpose ‘seed 
dressings—that is, of insecticide and fungicide seed 

_ dressings—was the subject of a review by Dr. D. 
Price Jones, and Mr. A. J. Pearson, in a paper on 
‘Dieldrin’ seed dressings, described trials of this com- 
paratively new insecticide against insect pests of the 
seed and seedling. Taint was discussed by Dr. M. 
Cohen, who described not only the cases of taint, in 
which benzene hexachloride is still the principal 
offender, but also the form of tests used for estimation 
of off-flavours. Dr. R. de B. Ashworth then gave an 
account of groups of new chemicals recently included 
in the crop-protection products approvals scheme. 

The last day of the Conference opened with a 
consideration of glass-house problems. The first 
paper, by Dr. E. Taylor, dealt with the control of 
fungi under glass, and was followed by one on control 
of insects under glass, read by Mr. W. H. Read. The 
glass-house crops can be more efficiently dealt with 
bv fumigation and aerosol methods than those out 
of doors, but, on the other hand, their concentration 
within small spaces raises a number of its own 
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problems. The remainder of the day was occupied 
with horticultural problems. Mr. J. E. Garnham, 
speaking on control of red spider on fruit, described 
the use of chlorbenzide against this serious pest, 
emphasizing the importance of its application early 
against winter eggs and immature mites, and con- 
demned the use of the term ‘ovicide’ when app|ied 
to such a widely active compound. In conside:ing 
the control of fruit pests other than red spider, Mr. 
E. L. Williams directed attention to the increasing 
use of insecticide sprays for pests against which 
winter washing used to be the standard treatment. 
In the ensuing discussion many suggestions were put 
forward for reducing the number of separate spraying 
operations by mixed applications of insecticides and 
fungicides. New techniques for the control of pests 
on ‘hops were described by Mr. Emery, who showed 
some very spectacular slides on the effect of the 
insecticide dimefox applied to the soil beneath the 
bines. In reply to questions, he mentioned experi- 
ments showing first that the quantity of dimefox 
present in the hops on harvest is negligible, and 
secondly, that any which is present would certainly 
be destroyed in the process of brewing. Mr. E. J. 
Hainsworth then read a paper on recent advances in 
scab control, from which it appears that the growing 
use of captan and the organo-mercurials calls for 
discretion and that there is still a case to be made 
out for the use of sulphur. The final paper, on other 
aspects of the control of fungus diseases on fruit, by 
Mr. R. W. Marsh, stressed the inability of the newer 
scab-controlling insecticides to keep down the 
mildews which are at present controlled by means of 
sulphur sprays. He also spoke of experiments 
using phenyl mercuric chloride against apple tree 
canker. 


IONIZING RADIATION AND THE 
CELL 


SERIES of fourteen papers and an introduction 

by G. Pollard, which were presented at a con- 
ference of the New York Academy of Sciences on 
“Tonizing Radiation and the Cell”, have now been 
collected as a separate issue of the Academy’s Annals 
(59, Art. 3, 467-664; 1955; 4 dollars). For a very 
good reason the major part of this volume should be 
of absorbing interest for biologists in a number of 
different fields. It shows in a precise way, yet 
intelligible to those outside radiation biology, how 
varied are the methods now available which use 
ionizing radiations for analysing ultramicroscopic bio- 
logical structures and their functions. This is more 
than can be said of the often ponderous other pub- 
lications on radiation biology which have multiplied 
in recent years. 

The essentials of the oldest and best-known 
tadiation method are that localized releases of energy 
within a cell structure may cause it to lose or change 
one or more of its biological functions. Comparing 
loss of function caused by irradiation with different 
types and doses of radiation, one can infer something 
about the size, shape and molecular stability of the 
structures examined, and about the relations of these 
to function. This type of analysis has given useful 
results, for example, in the case of the structure and 
function of bacteriophage particles, of chromosomes 
and genes, and of various other cellular components. 
The same sort of analysis has been applied success- 
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fully to large molecules: a paper by Setlow illus- 
trates it very effectively for the case of certain 
enzymes and other proteins. 

Several of the papers at this conference are based 
on the use of this inactivation method : one by Fluke 
and Pollard on bacteriophage ; one by Caldecott on 
barley ; one by Bloom e/ al. on the use of microbeams 
(2: 5-7 uw in diameter) on tissue cultures of newt 
heart ; and others. A paper by Giles et al., however, 
reports the use of radiation both to produce ‘loss’ 
mutations and to reverse them 

An elegant new use of ionizing radiations, intro- 
duced by Hutchinson, of the Biophysics Department 
at Yale University, is for probing structure by a sort 
of radiation sounding procedure. With charged 
particles such as electrons and protons in beams of 
controlled energy, it is possible to irradiate the outer 
layers of a biological system without producing any 
effect at a depth greater than the particle-range. 
This range varies in a known way with the kind and 
energy of the particles. Thus, by using a series of 
beams of increasing energy, one can probe deeper and 
deeper into the system. When this is done, dis- 
continuity of structure may become quite clear. For 
example, inactivation of bacteriophage 7'-1 with slow 
electrons shows a steep rise between 700 and 1,100 
volts, and from this Hutchinson calculates that there 
is an insensitive outer layer about 125 A. thick. This 
finding is in perfect agreement with those from the 
biochemistry and genetics of this phage, which is 
known to have a protein coating not essential for its 
multiplication, and an essential core of deoxyribo- 
nucleic acid. 

All the other papers in this volume are well worth 
reading by the specialist, though perhaps for the 
non-specialist they are not as important as those 
already quoted. G. PonTECORVO 


THE MELLON INSTITUTE 


REPORT FOR 1954 


HE annual report* of the president, Dr. E. R. 
Weidlein, to the Board of Trustees of the Mellon 
Institute on the scientific research activities of the 
Institute for the year ended February 28, 1955, notes 
the establishment of a new Department of Applied 
Mathematics to assist in formulating experimental 
designs and the statistical analysis of data, the 
installation of an electron microscope in the Depart- 
ment of Research in Chemical Physics, and the 
equipment of an air-conditioned laboratory for 
microchemical analysis and research in the Depart- 
ment of Analytical Chemistry. Expenditure on pure 
and applied research during the year was 4,784,344 
dollars, and, of this sum, just over a million dollars 
was spent on scientific research in the six research 
departments and on twelve fellowships, in which 
altogether 147 members of the Institute were engaged. 
Applied research was conducted under the auspices 
of sixty-four other fellowships and occupied the time 
of 390 members. Of these seventy-six fellowships, 
forty-seven were multiple and twenty-nine individual, 
and four had been proceeding for forty years and four 

others for thirty or more years. 
Investigations in the Department of Research in 
Chemical Physics of the selection rules for ethane-like 
* Scientific Research Activities of the Mellon Institute, 1954-55. 


(Annual Report Series, No. 42.) Pp. v+53. (Pittsburgh : Mellon 
Institute, 1955.) 
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molecules having free internal rotation showed that 
the selection rules were D,q and not D,), as reported 
in the literature. The vibrational spectrum. alone 
does not distinguish between the alternatives of free 
internal rotation or the staggered configuration. Other 
investigations showed that in the systems hydrogen 
chloride - diphenyl ether and hydrogen chloride — 
anisole at 30-90° C., while the frequency of the 
hydrogen chloride bond remains constant, its inten- 
sity diminishes as the temperature increases. Investi- 
gations of crystallization in stretched polybutadiene 
and silicones continued, and an X-ray diffraction 
study of the crystal structure of antimony penta- 
chloride showed that the unit cell is hexagonal and 
contains two molecules of antimony pentachloride, 
the trigonal bipyramidal structure of the gaseous 
molecule being retained in the solid state. 

Equipment for separation by thermal diffusion and 
chromatography has been extended in the Depart- 
ment of Research in Physical Chemistry, and further 
studies of the design and operation of packed labora- 
tory apparatus for fractionation by thermal diffusion 
include the effect of packing density and annular 
width on separating efficiency. Elution chromato- 
graphy on alumina with graded eluents has been 
used extensively in the separation of coal tar by- 
products, and separate determinations, in which the 
cuts were examined by ultra-violet spectroscopy, 
indicated that a naphthalene still residue carcinogenic 
to mice contained not more than 0-005 per cent of 
3: 4-benzpyrene. An apparatus built for vapour- 
phase chromatographic investigations has given 
effective separations and analyses of hydrocarbon 
mixtures in the range C, to C,. 

The Department of Instrumentation notes a 
considerable increase in electronic construction and 
maintenance activities, and has also designed an 
automatic recording Sward rocker device and an 
automatic recording instrument for measuring the 
surface tension of liquids. The preliminary model of 
a recording balance designed to deflect a recording 
potentiometer full scale for a 100-mgm. change in 
weight has been found to be capable of being operated 
at ten thousand times this sensitivity before drift 
and short-term instability become appreciable. In 
devising a set of classical equations for the hydraulics 
of column and plate distillation, the Department of 
Applied Mathematics found that, for a critical value 
of the ratio of thickness of liquid layer to radius of 
cylinder, the mass vapour transport per unit area 
attained a maximum before the onset of turbulence, 
which indicates a flooding condition in distillation 
columns with diameters less than a critical value 
depending on the viscosity and density of the liquid 
and vapour. 

In co-operation with the Multiple Fellowship on 
Petroleum, the Department of Analytical Chemistry 
has been engaged for nearly two years in a funda- 
mental study of the analytical chemistry of organic 
sulphur compounds; in the course of this a revised 
Hastings method for the determination of aliphatic 
sulphides in the analysis of crude oils, by spectro- 
photometric measurement of the absorptivity of the 
iodine-sulphide complex, and a modified polaro- 
graphic method for the determination of elemental 
sulphur have been developed, and the reduction of 
heteropoly acids with thiols have been studied. An 
investigation of the degradation of cellulosic fibres 
showed that the deterioration of certain fibres 
depended on the cellulolytic activity of the micro- 
organisms brought in on the raw material and which 
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had proliferated during storage. Fundamental studies 
of the synthetic autotropic bacterium isolated from 
bituminous coal-mine effluents continued. 

Reviewing the work carried out under the Fellow- 
ships in Pure Science, the report refers to the major 
research programme on air pollution of the American 
Petroleum Institute, in which two laboratory tech- 
niques for tracing the path of stack gases over long 
distances were ready for field-trial. Attention was 
also being given to the design of simple field-charac- 
teristics of dust removal in various centrifugal and 
gravity sedimentation devices. The exposure phase 
of a two-year programme to evaluate the potential 
response to various inorganic particles of different 
ranges of size was completed, and histopathological 
examination of the tissues of exposed animals was in 
progress. Field-studies included the evaluation of the 
potential dust exposure to a specific product when 
used industrially as an oil absorbent. Besides 
preliminary studies on seventy newly available 
chemicals that may have economic value, detailed 
studies were made under the Multiple Fellowship on 
Chemical Hygiene on fifteen compounds which will 
reach the public and on eight with which industrial 
workers only will be in contact. 

Using an epoxy resin, fibre-glass cloth and a modi- 
fied hook, workers under the Multiple Fellowship on 
Orthopedic Appliances have constructed an appliance 
which gives the patient essentially the equivalent of 
a finger and thumb and permits normal wrist motion. 
Hip, knee and ankle joints have been developed for 
reliable service where a leg dangles or requires trac- 
tion, and many experimental appliances have been 
constructed using nylon or fibre-glass cloth and 
polyester resins. Under the Fellowship on Mine- 
Acid Control a report has been presented summarizing 
the findings of the past eight years and has demon- 
strated that a seam of coal amenable to recovery by 
stripping can be removed without acid pollution of 
adjacent streams. Under the Multiple Fellowship in 
Glass Science a laboratory has been constructed for 
nuclear and paramagnetic resonance absorption 
studies, and attention has been given to the origin 
of the colour induced in silica glass and quartz by 
X-rays, y-rays and neutron irradiation in a nuclear 
reactor and to the mechanical properties of glassy 
systems. Under the Allotropy Fellowship a bicyclo- 
{2:2:2]-octane has been prepared, this being the 
simplest molecule with the boat configuration of 
cyclohexane, both by the Diels—Alder reaction from 
cyclohexadiene and acrolein and by destructive 
distillation of magnesium hexahydrohomotere- 
phthalate. A new instrument in which the liquid is 
continuously sheared between a conical and a flat 
surface has been developed for determining viscosity 
over a wide range of rates of shear, and birefringence 
techniques were being developed as a means of 
estimating the content of crystallinity in polymers. 
Durable, colourless: synthetic resins have been de- 
veloped by workers under the Artists’ Materials 
Multiple Fellowship to replace traditionally used 
natural resins, and a new picture varnish was being 
evaluated in co-operation with prominent museums. 
Thermoplastic polymers of the methacrylate class 
appear to fulfil best the requirements of clarity, 
solubility, durability and strength. In work on com- 
ponents for digital data-handling systems, special 
emphasis has been placed on the development of 
novel methods for making electronic circuits 
and circuit elements for operating at 200°C. or 

more. 
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The greater part of the report is concerned {with 
the research- programmes of the Fellowships in 
Applied Science, and only a few points of more 
general interest can be mentioned here. Among these 
are the development of an electromagnetic flow. 
meter for liquids, which is actuated by the electric 
potential field generated in the liquid as it moves 
through a magnetic field, and the considerable pro- 
gress in studying methods of measurement of con. 
sistency of clays for mixing and extruding operations. 
An improved method has been developed for pre. 
paring specimens of castable refractories for usc in 
testing. A co-operative study on grinding wheels 
showed that compressive stresses up to 100,000 |b.; 
sq. in. can be developed in the surface of quenched 
and tempered ball-bearing steel by abrasive grinding. 
The generation of gas on prolonged treatment of 
silicon carbide with water has been traced to im- 
purities in the grain rather than to silicon carbide 
itself. Satisfactory methods have been developed for 
welding manually and automatically the new T—] 
steel recently developed by the United States Steel 
Corporation. A concentrated effort to obtain ‘Stypol’ 
resins particularly adapted to specific reinforced 
plastics applications has yielded several new resins 
of unique properties. A long-term biochemical 
research project is concerned with the basic mech- 
anism of the natural origin of tastes and odours in 
public water supplies. 

Considerable progress was made in the synthesis 
and study of pyrrole derivatives in petroleum and 
related materials, and it has been established that 
oxides of nitrogen produced in the engine during com- 
bustion play an important part in the formation of 
low-temperature engine varnish. Hydrogenation of 
nitrobenzene to aniline in the vapour phase proceeds 
at atmospheric pressure over nickel sulphide catalysts, 
and a comprehensive investigation of catalysts for 
this reduction has been planned. A unique class of 
polysaccharides, resembling tapioca dextrins and 
natural gums, has been synthesized, which shows 
promise as envelope and label re-moistening gums, 
as replacements for gum arabic in mucilage and 
lithography, and as extenders for polyvinyl alcohol. 
Progress was also made in developing industrial 
applications for methylglucoside, now being manu- 
factured from corn sugar. Under the Multiple 
Fellowship on Felt a study was being made of the 
requirements of individual industrial fabrics and 
methods for achieving the optimum characteristics. 
The search for improved hydraulic fluids has con- 
tinued, and a study of catalysts for epoxy-type resins 
has been undertaken. New plasticizers were evaluate: 
for the preparation of plastisols, and the effect of 
temperature on the flow properties of vinyl resin 
plastisols was studied, while silicones have been 
developed for application to leather and to glassware. 
Efforts to prepare compounds similar to the new 
antibiotic, azaserine, which may be resistant to the 
enzyme in mice, and presumably in man, which 
destroys azaserine, or which may inhibit the action 
of the enzyme, are being made, and a series of dye- 
stuffs of antiviral activity has been prepared ; but 
although the dyestuffs were active against many 
viruses in vitro, no favourable in vivo effects were 
observed. Development work on the improvement 


of manufacturing processes for barbituric acid deriva- 
tives, aminophylline and certain local anesthetics and 
antiseptics continued under the Amine Fellowship, 
which also led to the development of a promising new 
compound, 7-(8-hydroxypropy)-theophylline. 
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PAST AND FUTURE TRENDS IN WORLD ECONOMIC 


DEVELOPMENT 


IR GEORGE NELSON assumed office as president 

of the Institution of Electrical Engineers on 
October 6 and delivered his inaugural address on the 
evening of that day. In this address, Sir George 
outlined the course of development of the application 
of electricity to the needs of the community from the 
time of the inception of the Institution in 1871 to 
the present day, and he related this development to 
the main changes of social and economic environ- 
ment which have taken place in that interval. From 
the present day, he then viewed the future 
prospect, 

For Great Britain in 1905, the installed capacity 
of generating plant represented 1/20 kW. per head 
of population, while for the United States the cor- 
responding figure was 1/12 kW. These figures have 
risen in the intervening fifty years to 4 kW. and 
3 kW., respectively. It has been forecast in @ paper 
read at the recent Atomic Energy Conference at 
Geneva that the next fifty years would see a three- 
fold increase in the total energy consumption of the 
world. Already, it is recognized that the world’s 
demands for power will very quickly exhaust the 
conventional sources of energy, in particular the 
natural fuels; but the solution of this problem is in 
sight in the utilization of nuclear energy. This 
growing demand for power, which is reflected in 
both the increase in world population and the 
universal urge to improve standards of living, 
is, however, accompanied by correspondingly in- 
creased consumptions of the basic constructional 
materials. 

Some 90 per cent of the world’s present population 
has a standard of living below that of the United 
States and Great Britain, and it has been estimated 
that, if the living standard of the whole world were 
raised instantly to that of Great Britain, the resources 
of such basic materials as iron and copper would 
last only twenty-five years. Although such a rate of 
exhaustion is far outside practical possibility, con- 
siderations such as these do indicate an urgent need, 
namely, that of producing synthetically basic metals 
and similar materials. 

The most notable development up to the present 
time in the field of artificial substitutes is the cellulose 
products. ‘Terylene’ fibres, for example, have 


physical properties comparable with those of steel. 
It is possible that, in time, means may be found of 
producing economically a substitute for steel for 
structural purposes, which would render it possible 
to conserve iron ore for the manufacture of magnetic 
or such other special-purpose steels. Synthetic 
materials have also been produced suitable for the 
manufacture of pipes for carrying hot, cold or cor- 
rosive liquids. Such pipes can serve as a substitute 
for copper or lead pipes and help to conserve the 
supplies of these metals. 

If a lowering of the standard of living due to the 
exhaustion of natural resources is to be avoided, 
intensive effort must be devoted to the production 
of synthetic substitutes of all kinds, and Sir George 
pointed out that this effort must be made now. The 
movement of the whole front of technological 
advance, whether in the generation of power, the 
manufacture of synthetic materials, or in the appli- 
cation of automatic methods of production, is 
dependent upon the supply of scientific workers and 
technologists. The shortage of scientific man-power 
is one of the major problems confronting Great 
Britain and the Commonwealth, and the Institution 
of Electrical Engineers has its contribution to make 
towards the solution of the problem. 

Sir George reviewed some of the efforts which are 
being made to increase the intake of suitable young 
men to the engineering profession. He spoke with 
appreciation of the film entitled ‘The Enquiring 
Mind’’, which has been produced with the object of 
attracting the attention of parents and boys to the 
opportunities for careers in the fields of applied 
science and technology. It is particularly necessary, 
he suggested, to attract a great proportion of the 
young people who at present choose to pursue the 
Arts. There is also an urgent need for technically 
qualified men who have natural gifts for manage- 
ment and highest administration. Such qualities are 
inborn, and the aim should be to develop these 
natural gifts, when found, in association with a 
scientific or technical education. Sir George regretted 
that he could not provide a formula for the early 
identification of men with this gift, but he suggested 
that careers masters in schools could make a notable 
contribution in this connexion. 





YEAST MITOCHONDRIA 


Subcellular Units involved in the Synthesis 
of Respiratory Enzymes in Yeast 


N a series of papers from this laboratory published 

in 19491, it was shown that clones of normal yeast 
during their growth constantly give rise to respiration- 
deficient mutants (‘vegetative mutants’) stable in 
vegetative reproduction. The respiratory deficiency 
was shown to be due to lack of several enzymes 
(including cytochrome oxidase) bound, in normal 
yeast, to particles which can be sedimented by 
centrifugation, and to behave as a non-Mendelian 
character in crosses between normal and mutant 
yeast. It was suggested* that the mutation consists 
in the loss or irreversible functional inactivation of a 


particulate cytoplasmic auto-reproducing factor, and 
the question of the possible identity of this factor 
with subcellular units defined by various biochemical 
and cytological criteria was discussed. 

Our observations have been reproduced and 
extended by several authors (cf. ref. 3) and have 
been the subject of several reviews in which our own 
views concerning the problems of the nature of the 
mutation giving rise to the ‘vegetative mutants’ on. 
one hand, and that of the identity of the cytoplasmic 
factor on the other, have sometimes been misinter- 
preted. The purpose of the present communication 
is to restate our position regarding these two problems. 

In discussing these problems, the following units, 
each defined by independent criteria, must be taken 
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into consideration : (a) the extrachromosomal genetic 
factor; (b) the respiratory enzymes missing in the 
mutants (cytochrome c oxidase, succinic, reduced 
diphosphopyridine nucleotide, «-glycerophosphate, 
cytochrome c reductases, cytochromes a and 6 4) ; 
(c) the particles sedimentable from a yeast homo- 
genate at c. 25,000 g; (d) the various particles 
revealed by microscopic observation of stained and 
unstained yeast cells. 


(1) The occurrence of cells shown by genetic tests 
to contain the cytoplasmic factor but devoid of the 
respiratory enzymes in a permanent or transitory 
way (‘segregational mutants’> and normal yeast 
grown anaerobically**, respectively) proves that units 
(a) cannot be identical with units (6), the synthesis 
of which they control. 


(2) Units (a) cannot be identical with the totality 
of particles (c), nor with the totality of either the 
microsomes or the macrosomes (frequently referred 
to as mitochondria in the biochemical literature) 
constituting the sedimentable fraction. This is 
demonstrated by the fact that the sedimentable 
fractions isolated from homogenates of respiratory 
mutants cannot be distinguished by their gross 
analytical characteristics from the corresponding 
fractions of normal yeast (ref. 4 and de Robichon- 
Szulmajster, H., unpublished observations). It 
remains possible, however, that (a) corresponds to a 
small fraction of (c). 


(3) In considering now the possible relationship 
between the cytoplasmic units (a) postulated on 
genetic grounds and the visible cytoplasmic units (d), 
it must first be emphasized that the latter constitute 
a heterogeneous group comprising mitochondria, 
refractive granules and possibly other elements. The 
term ‘mitochondria’ will be reserved here for cyto- 
plasmic structures characterized by their reactions 
to fixatives and their stainability by the Altmann 
and janus green B procedures. It appears to us 
reasonable to accept the view that these bodies carry 
cytochrome c oxidase, and that the localization in the 
cell of janus green B directly indicates the localization 
of this enzyme, the presence of which is a prerequisite 
of the staining reaction. The presence of cytochrome 
c oxidase is similarly required for the oxidation of the 
Nadi reagent. However, contrary to what is often 
assumed, the localization of indophenol blue does 
not necessarily reveal the site of its formation, for 
indophenol blue produced by in vitro oxidation of the 
reagent stains some granules in the cytoplasm of 
respiratory mutants devoid of cytochrome oxidase‘. 


Since mitochondria are the carriers of cytochrome c 
oxidase, and since the respiratory mutants lack this 
enzyme, it was suggested that the genetic factor (a) 
might be identical with mitochondria and that the 
mutation consists in the loss or inactivation of the 
mitochondria with respect to their function in 
synthesizing cytochrome oxidase. The following 
communication by Y. Yotsuyanagi convincingly 
shows that the respiratory mutants do contain mito- 
chondria. If it is assumed that the mitochondrial 
population is homogeneous, we are therefore left 
with the following two possibilities: (i) the genetic 
factor (a) is not identical with the mitochondria ; 
(ii) the genetic factor corresponds to the mito- 
chondria and the latter are not lost but functionally 
inactivated in the mutant. 

However, if the mitochondrial population is 


assumed to be heterogeneous, a third possibility 
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remains open; (iii) the genetic factor corresponds to 
a small fraction (carrying cytochrome oxidase) of ihe 
mitochondrial population, which may be lost in the 
mutant. 

It can thus be seen that the identification of the 
genetic factor with the visible cell elements confronts 
us with essentially the same questions as its identi. 
fication with the components of the sedimenta}le 
fraction (c). 

Boris EPHRUSSI 
Prorr P. Stonms«: 
Laboratoire de Génétique physiologique de la 
Faculté des Sciences et du C.N.R.S., 
Paris. 
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Mitochondria and Refractive Granules in the 
Yeast Cell 


THE present communication is @ summary of a 
re-investigation, by means of cytological techniques, 
of the controversial problem of yeast mitochondria, 
prompted by the hypothesis! that these bodies might 
be identical with the cytoplasmic hereditary factor 
required for the synthesis of respiratory enzymes in 
yeast. The preceding communication states this 
problem in the light of the evidence provided by 
genetic and biochemical data. 

By the routine cytological techniques applied to 
fixed material (Altmann’s method, Heidenhain’s 
hematoxylin), we have revealed the presence in yeast 
cells of cytoplasmic bodies exhibiting features 
characteristic of mitochondria’. We have found 
also that the configuration of these bodies is subject 
to considerable variations depending on the physio- 
logical state of the yeast (growth phase, culture 
medium, etc.). Lastly, some technical improvements 
(vigorous aeration during the staining and rigorous 
control of the concentration of the stain) have per- 
mitted us to demonstrate cytoplasmic bodies vitally 
stainable by janus green B. 

The configuration of cytoplasmic structures shown 
by material stained after fixation manifestly co- 
incides with that revealed by janus green B in living 
cells in the same physiological state (Fig. 1). There- 
fore, in accordance with the usual cytological 
definition we shall call these bodies ‘mitochondria’. 

It has been known for a long time that ordinary, 
as well as phase-contrast, microscopy permits the 
observation in unstained yeast cells of highly refrac- 
tive granules. There is nowadays a tendency to 
consider these refractive granules as mitochondria’. 
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Fig. 1. Pictures of normal yeast cells (strain ‘Yeast Foam’) 
obtained by vital — with janus green B (1) and by the 
application of Altmann’s technique (2). 

a and }, cells grown in two different media; M, mitochondria ; 
R, refractive granules 


This tendency is essentially based on the interpre- 
tation of images obtained with redox indicators such 
as indophenol blue and tetrazolium. 

However, for the following reasons, the refractive 
granules seem to constitute quite different entities 
from the mitochondria as defined above. (a) These 
granules are usually not stained by janus green B so 
long as this reagent is used as a vital stain ; (b) they 
differ from mitochondria in their shape, size, number 
and optical properties ; (c) double differential staining 
clearly reveals two different particulate systems 
present in the cytoplasm ; for this purpose yeast is 
stained vitally in dilute alcoholic solutions of sudan 
III or in dilute aqueous solutions of tetrazolium and 
then superstained vitally with janus green B. In 
either case, janus green B reveals blue-coloured 
cytoplasmic bodies, while the refractive granules are 
stained orange by sudan III or orange to pink by 
the tetrazolium formazan. 

The fact that tetrazolium stains structures differ- 
ently from those coloured by janus green B is of 
considerable importance. The tetrazolium compounds 
are frequently considered to be as specific ‘mito- 
chondrial stains’ as janus green B‘. This interpretation 
is based more or less implicitly on the following 
argument: dehydrogenases responsible for the 
reduction of tetrazolium are bound to particles, and 
it is assumed that the coloured product of the reduc- 
tion (formazan) is insoluble in water; it is therefore 
inferred that the localization of the stain in the cell 
reveals the localization of particles bearing the 
dehydrogenases. However, Slonimski has found 
(unpublished observations) that the formazan of 


NATURE 


1209 


triphenyltetrazolium is soluble in water at very low 
concentrations (up to 1 p.p.m.) and that the freshly 
formed formazan is not immediately precipitated. 
It is clear, therefore, that the diffusion of the product 
of enzymatic reduction may take place in the cell, 
and that the localization of the stain may be quite 
different from the site of its formation. It should be 
added that both tetrazolium formazan and indo- 
phenol blue are soluble in fats, and in many bio- 
logical materials they stain structures of lipidic 
nature®, 

In the respiration-deficient strains (‘vegetative 
mutants’) of yeast*, the mitochondrial system is 
revealed by Altmann’s technique. The refractive 
granules are visible without staining and can be 
coloured by the reduced tetrazolium. No colour is 
formed in the presence of janus green B, a fact which 
supports the interpretation’ that this staining is due 
to the activity of the cytochrome c-cytochrome 
oxidase system. It is known that the respiration- 
deficient mutants are devoid of cytochrome c oxidase®. 
It appears, therefore, that these mutants contain 
mitochondria morphologically similar to those of 
normal yeast, in spite of the fact that they do not 
contain cytochrome c oxidase. 

Y. YorsuyANAGI 

Laboratoire d’Embryogénie comparée, 

Collége de France, 
Paris. 
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ENZYMATIC COAGULATION OF SEMEN 


By G. GOTTERER, D. GINSBERG, T. SCHULMAN, JULIA BANKS and 
Dr. H. G. WILLIAMS-ASHMAN* 


Ben May Laboratory for Cancer Research, University of Chicago, Chicago 37 


HE semen of many species coagulates soon after 

ejaculation. In the rat and the guinea pig, the 
vaginal plug which forms after copulation is com- 
posed of coagulated semen. Camus and Gley's* were 
the first to recognize that the secretions of the 
seminal vesicle were coagulated by an enzyme, 
designated vesiculase, present in the prostatic secre- 
tion of rodents. The classical studies of Walker*»4 
established that this coagulating enzyme is manu- 
factured solely in the anterior prostate or so-called 
coagulating gland. In man, the coagulated semen 
afterwards liquefies. Huggins and his collaborators®»* 
* Scholar in Cancer Research of the American Cancer Society. 





have shown quite clearly that the liquefaction of 
human semen is a proteolytic phenomenon, and that 
human and other semens contain a number of proteo- 
lytic enzymes, a finding which has been confirmed 
and amplified in the laboratory of Lundquist’. How- 
ever, the nature of the reactions responsible for the 
coagulation of the semen of any species remains 
unknown. 

A stable preparation of proteins of the seminal 
vesicle coagulable by vesiculase may be obtained as 
follows. Fresh secretion of the seminal vesicle of the 
rat or guinea pig is extracted with 0:15 M sodium 
chloride at 2°, insoluble material is removed by 
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centrifugation, and the saline-soluble proteins are 
precipitated by the addition of cold acetone to a 
final concentration of 66 per cent. The precipitate 
is washed with acetone and dried in vacuo. The dry 
powder is stable for at least one month when it is 
stored in a desiccator at 2°. The coagulable protein(s) 
is extracted from the acetone powder with 0-15 M 
sodium chloride at 25°, a small insoluble residue being 
discarded. Such saline extracts can be separated into 
three major protein components by electrophoresis 
in 0-1 M barbiturate buffer of pH 8-6, or by 
chromatography on ion exchange resins. 

The coagulation of these proteins of the seminal 
vesicle by vesiculase can be determined turbidi- 
metrically at 660 my. In solutions buffered at 
pH 7-4, the action of vesiculase is dependent upon 
the concentration of seminal vesicle proteins added, 
and especially upon the ionic strength of the reaction 
mixture. If the final concentration of seminal vesicle 
proteins is 15 mgm. per ml. or greater, and if the 
ionic strength is in the vicinity of 0-09, coagulation 
commences soon after the addition of vesiculase. 
Increasing the ionic strength to approximately 0-13 
by the addition of sodium chloride or sodium bromide 
or potassium chloride induces a pronounced lag 
period, which is followed by a rapid rate of formation 
of insoluble protein. Further elevation of the ionic 
strength increases the duration of the lag period, but 
has little influence upon the rate of coagulation once 
it begins, as can be seen from Fig. 1. At ionic 
strenguhs of about 0-09, alteration in the amount 
of vesiculase added affects both the length of the lag 
period and the rate of coagulation. At ionic strengths 
of 0-15 or higher, the lag period, but not the rate 
of change in turbidity, varies inversely with the 
quantity of enzyme added. This fact is illustrated in 
Fig. 2, which also shows that increasing the con- 
centration of seminal vesicle proteins decreases the 
lag period at a given ionic strength. Vesiculase 
exhibits a broad optimum over the pH range of 
6-0-8-0. At pH 7-4, coagulation takes place equally 
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Fig. 1. Influence of ionic strength upon vesiculase activity. Each 

cuvette contained 50 uM tris-(hydroxymethyl)-aminomethane 

buffer pH 7-2, 25 mgm. seminal] vesicle protein and 0-3 mgm. 

crude vesiculase in a final volume of 1-55 ml. The numbers next 

to each curve represent the micromoles of sodium chloride per 
ml, of | reaction mixture. Temperature 27° 
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Fig. 2. Influence of the concentration of seminal vesicle protein 
and of vesiculase upon tion. Each cuvette contained 
10 uM of sodium phosphate buffer pH 7-4 and 165 uM sodium 
chloride in a final volume of 1-2 ml. The final concentration of 


seminal vesicle proteins added was 15 and 7-4 mgm. per mi. in 
the upper and lower series of curves, respectively. he figure 
next to each curve represents the mic: of crude vesiculase 


per ml. of reaction mixture. Temperature 27° 


well in either tris (hydroxymethyl!) aminomethane or 
phosphate buffers provided that the ionic strengths 
are kept equal. 

The insoluble material formed by the action of 
vesiculase upon seminal vesicle proteins is digested 
by trypsin, but is not soluble in 6-6 M urea at pH 7 
after twenty-four hours at 30°. 

The action of either crude or purified vesiculase in 
tris-(hydroxymethyl)-aminomethane buffer at pH 7-4 
is unaffected by 2 mM concentrations of Ca++, Mgt 
and Mn++. It is abolished, however, by low con- 
centrations of ethylenediamine tetra-acetic acid 
(versene), o-phenanthroline and «-x’-dipyridyl. Fifty 
per cent inhibition by versene is obtained with a 
final concentration of 2 x 10-§ M. Table 1 shows 
that the inhibitory effect of versene can be entirely 
reversed by equimolar or greater concentrations of 
Mn++, and by an excess of Cat+. A thirty-fold 
molar excess of Mg++ is required to reverse the 
versene inhibition. Vesiculase action is depressed 
by low concentrations of Hgt+ and Fett, and 
by iodoacetamide. The inhibition by Hg** is re- 
versed by cysteine, which does not itself affect 
vesiculase. Heating to 70° for ten minutes destroys 


this coagulating enzyme. 
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Table 1 

ersene | CaCl, | MnCl, | Change in 
mM) (mM) (mM) | optical density 

| Experiment 1 (Rat) 
0 | 0 0 0-238 
0-28 | 0 0-030 

0-77 0 0-240 
0 0 0-77 0-223 
0-23 0-77 | 0 0-310 
0:23 0:77 0-288 

: Experiment 2 (Guinea Pig) 
0 0 0 0-760 
0-21 0 0 0-086 
0 0 0-21 0-765 
0 0 0:42 0-755 
0 0 1-42 0-695 
0-21 0 0-21 0-765 
0-21 0 0-42 0-750 
0-21 0 142 | 0-730 
0 0-21 0 0-750 
0 0-42 0 0-770 
0 | 1-42 0 0-760 
0-21 0-21 0 0-193 
0-21 | 0-42 0 0-362 
0°21 1-42 0 | 0-620 
J 
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} Experiments carried out at 30° in cuvettes of light path 0-8 cm. All 
' tubes contained 50 #M tris-(hydroxymethyl)-aminemethane buffer 
' pH 7-2. The following additions were made in experiments 1 and 2, 


respectively: seminal vesicle proteins, 25 mgm., 20 mgm.; sodium 

chloride, 124 wM, 98 »M; crude vesiculase, 0-61 mgm., 1-5 —-. 

Total volumes and duration of experiment : Exp. 1, 1:3 mi., 27 min. ; 
Exp. 2, 1-4 ml., 100 min. 


The vesiculase present in saline extracts of guinea 
pig coagulating gland is precipitated by the addition 


_ of ammonium sulphate at 0° between 30 and 50 per 
' cent saturation. 


If this fraction is dissolved in and 
dialysed against 0-15 M sodium chloride, it may be 
purified further by the addition of acetone at 0° to 
a final concentration of 30 per cent. This procedure 


affords a purification of approximately thirty-fold 
_ over the activity of crude extracts. Coagulation can 


be induced with as little as 10 pgm. per ml. of this 
purified protein. These treatments also separate 


_ vesiculase activity from that of an extremely active 
_ enzyme, present in crude coagulating gland extracts, 
_ which hydrolyses tosylarginine methyl ester. 
_ latter enzyme, which appears to be similar to the 


The 








T is a rule without known exceptions that caro- 
tenoids accompany chlorophyll in the photo- 


' synthetic apparatus of all phototrophs from bacteria 
| to higher plants’. 
' synthetic action spectra have shown that the light 
' absorbed by carotenoids can be used for photo- 
| synthesis by some, but not by all, the organisms so 
far examined?. 
' participation of carotenoids as agents of energy 
_transfer in the chain of primary photochemical 
» events must be regarded as a well-established but 
_by no means universal function of these pigments in 
- photosynthetic organisms. 


Careful measurements of photo- 


It seems, therefore, that direct 


Some observations that we have recently made 


_ with the photosynthetic bacterium Rhodopseudomonas 
' spheroides suggest a second, hitherto unsuspected 
'function for carotenoids in photosynthesis, which 
_could well explain the universality of their associa- 
tion with the photosynthetic apparatus : 
_protection of the cell from photodynamic destruc- 
tion by chlorophyll, its principal light-absorbing 
' pigment. 


namely, 
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human seminal enzyme hydrolysing benzoylarginine 
ethyl ester described by Lundquist’, is precipitated 
from crude extracts by ammonium sulphate at 0° 
between 50 and 80 per cent saturation. This fraction 
will hydrolyse about 1,500 micromoles of tosyl- 
arginine methyl ester per mgm. of protein per hour 
at 37° and pH 7-4. A small amount of the tosyl- 
arginine methyl ester-hydrolysing enzyme _ con- 
taminating vesiculase in the 30-50 per cent saturation 
ammonium sulphate fraction is removed by the 
subsequent treatment with acetone. 

Sherry and Troll* have demonstrated that thrombin 
prepared from a number of species will hydrolyse 
tosylarginine methyl ester rapidly. Moreover, the 
action of thrombin upon fibrinogen is inhibited by 
tosylarginine methyl ester, apparently by a com- 
petitive mechanism. The fact that vesiculase can be 
separated from the tosylarginine methyl ester-hydro- 
lysing enzyme in the coagulating gland, and that the 
action of vesiculase is not inhibited by tosylarginine 
methyl ester, suggests that vesiculase and thrombin 
are not identical. The dissimilarity between semen 
and blood coagulation is further borne out by the 
fact that at pH 7-4, bovine thrombin (15-36 units 
per ml.) will not coagulate the proteins of the 
seminal vesicles of rodents, and that guinea pig 
vesiculase does not coagulate either bovine or human 
fibrinogen (1 per cent) in the absence or presence of 
Cat+, 

It is a pleasure to acknowledge the advice and 
assistance of Dr. Dorothy Price in these investiga- 
tions. This work was supported by grants from the 
American Cancer Society upon recommendation of 
the National Research Council Committee on Growth. 
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’ Huggins, C., and Neal, W., J. Exp. Med., 76, 527 (1942). 
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FUNCTION OF CAROTENOIDS IN PHOTOSYNTHESIS 


Rhodopseudomonas spheroides is a non-sulphur 
purple bacterium (family Athiorhodaceae). Asshown 
diagrammatically in Fig. 1, the photosynthetic 
metabolism of non-sulphur purple bacteria differs 
from that of green plants. The oxidized moiety 
arising from the photochemical scission of water, 
which in green-plant photosynthesis is liberated as 
oxygen, serves in these bacteria as an oxidant for 
externally furnished hydrogen donors. Bacterial 
photosynthesis is thus an anaerobic process, which 
occurs in the light in the presence of suitable organic 
hydrogen donors. Many non-sulphur purple bac- 


H,O 


hv Via peroxides 
To reducing step to O, (plants) 


in path of carbon [H|<—'——-[OH] 


(all phototrophs) To oxidation of 
external organic 
H-donors(non-S 
purple bacteria) 
Fig. 1. Primary reactions in photosynthesis 
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teria, including R. spheroides, can also be grown in 
the dark. Under such conditions they obtain the 
energy required.for growth by the aerobic oxidation 
of the organic compounds that serve anaerobically 
as hydrogen donors for photosynthetic metabolism. 

These bacteria also differ from most green plants 
in the structure of their photosynthetic apparatus. 
They lack chloroplasts ; instead, the photosynthetic 
pigment system is contained in numerous submicro- 
scopic particles termed chromatophores, each of 
which is some 50 muy in diameter*. A similar intra- 
cellular organization of the pigment system is found 
in other photosynthetic bacteriat and in one plant 
group, the blue-green algae’. 

The photosynthetic pigments of purple bacteria are 
bacteriochlorophyll, which is identical throughout the 
group, and carotenoids, which differ from species to 
species*. R. spheroides contains a red and a yellow 
carotenoid, partly characterized some years ago by 
van Niel’. The colour of the cells varies from brown 
to red, depending on the conditions of cultivation. 
We have isolated three classes of mutants which 
differ from the wild type in their carotenoid con- 
stitution. Mutants of the green phenotype contain 
two new yellow carotenoids; those of the brown 
phenotype contain one of these new yellow caro- 
tenoids, together with the wild-type yellow and red 
carotenoids ; and those of the blue-green phenotype 
contain no coloured carotenoids. Organisms of the 
green and brown phenotypes are physiologically 
normal, whereas those of the blue-green phenotype, 
although still capable of photosynthesis, display a 
number of striking biochemical and physiological 
aberrations, all of which appear to be ultimately 
referable to the absence of carotenoid pigments. 


Location of the Primary Genetic Block in the 
Blue-Green Mutant 


Fig. 2 shows the spectra of the blue-green mutant 
and the wild type, both grown anaerobically in the 
light. The spectra were measured in a special cuvette 
holder with a pane of opal glass between the suspen- 
sions and the photocell, which minimizes the effects 
of light scattering®. The peaks at 375 my, at 590 my, 
and beyond 800 my indicate absorption by bacterio- 
chlorophyll. In the spectrum of the wild type, the 
complex system of peaks between 440 and 570 my 
reflects the composite absorption by the two caro- 
tenoids. The spectrum of the blue-green mutant 
shows no peaks in this region; and the absence of 
coloured carotenoids was confirmed by column 
chromatography of extracts prepared from the cells. 
The bacteriochlorophyll in such extracts is spectrally 
identical with pure bacteriochlorophyll®, and yields 
on acid treatment a spectrally typical bacterio- 
phzophytin. When the effluents from columns were 
examined spectrophotometrically, they were found 
to contain large quantities of a colourless substance 
with the characteristic ultra-violet absorption spec- 
trum of phytoene, a Cy polyene that has been 
isolated from a variety of plant sources!®. From the 
published values for the specific absorption of 
phytoene’® and of the wild-type carotenoids’, it could 
be calculated that the amount of phytoene in cells of 
the blue-green mutant is of the same order of magni- 
tude on a weight basis as the amount of coloured 
carotenoids in the wild type. Most of the phytoene 
is localized in the chromatophores. In conformity 
with earlier observations", we were unable to detect 
phytoene in cells of the wild type. 
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Spectra of whole cells, adjusted to same densities at 
680 my 


Porter and Lincoln” have postulated that phytvcene 
is one of the normal biosynthetic precursors of caro- 
tenoids. Although the role of the Porter—Lincoln 
series (phytoene, phytofluene, {-carotene, etc.) in 
normal carotenogenesis has been questioned!*, the 
probability that these compounds do have a biosyn- 
thetic function has been increased by recent findings 
with mutants of Chlorella", in which genetic blockage 
of normal carotenogenesis leads to an intracellulai 
accumulation of one or more members of the Porter- 
Lincoln series. It therefore seems reasonable to 
formulate the primary biochemical lesion in blue- 
green mutants of R. spheroides as follows : 


| (m steps) 
reeeee — phytoene |--+++-++-----» coloured carotenoids 


Reversion of blue-green mutants, which is common 
in some strains, yields a phenotype indistinguishable 
from that of the wild type. 


Influence of Cartenoids on the Spectrum of 
Bacteriochlorophyll in vivo 


The absence of peaks in the carotenoid region is 


wild type. Despite the fact that the mutant contains 
normal bacteriochlorophyll, the infra-red spectrum 
of its cells shows very marked changes. The peaks 
at 805, 855 and about 880 my characteristic of the 
wild type (and also of the green and brown mutants) 
have given place in the blue-green mutant to a 
perfectly symmetrical main peak at 875 my with low 
shoulders at 760-780 and 800-825 my (Fig. 2). As 
a result of these changes, the general shape of the 
chlorophyll absorption spectrum in the cells of the 
blue-green mutant has come to resemble that of pure 
bacteriochlorophyll in organic solvents (Fig. 3), 
although the absolute positions of the main peaks 
still differ widely. 

Complex infra-red spectra like that of wild-type 
R. spheroides are shown by most purple bacteria. 
although the number, position and relative heights of 
the peaks differ from species to species'*, The 
interpretation of these supernumerary peaks, which 
have no counterparts in the spectrum of bacterio- 
chlorophyll in vitro, has been discussed by several 
authors'®, and it is generally concluded that they 
reflect the presence in the cell of several different 
chlorophyll-protein conjugates. However, the simpli- 
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Fig. 3. Extinction curve for bacteriochlorophyll in methanol 


' fication of the infra-red spectrum that accompanies 


the disappearance of carotenoid pigments in the 
blue-green mutants points to a different interpretation. 
We suggest that the normal multi-peaked spectra 


- are caused by a close and regular spacing of chloro- 
| phyll and carotenoid molecules in the photosynthetic 
' unit, which is lost in the blue-green mutant when 
'normal carotenoids are replaced by phytoene, a 
_much more highly saturated compound lacking the 


molecular rigidity characteristic of the coloured 


' carotenoids. 


Porphyrin Excretion 
Media in which the blue-green mutant has been 


| grown under photosynthetic conditions contain green, 
» water-soluble pigments with a composite spectrum 
characteristic of porphyrins. The wild type can also 


' excrete porphyrins during photosynthetic growth, 


| but they are of a different nature (principally copro- 
| porphyrin ITI, according to Lascelles**). 
' partition and chromatography we have separated 
_ the porphyrins excreted by the blue-green mutant 
' into two major and two minor components. One of 


By solvent 


_ the minor components is bacteriophzophorbid. The 


q other three substances are phorbids of the a series, 


spectrally very similar to one another and to 


| as principal hydrogen donor. 







of culture with optical density of 1-000 at 680 


; pheophorbid a. 


Porphyrin excretion by the blue-green mutant 


' can be differentiated physiologically as well as 
- chemically from porphyrin excretion by the wild type. 
' In wild-type cultures, porphyrins are liberated into 
' the medium only at the end of exponential growth, 
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Table 1 
. | Growth conditions® 
. | "Anaerobic, at intensity of 
3 270 1,800 Aerobic, 
e | foot- foot- foot- dark 
candles candles candles 
| Gast Blue-green | 0-051 0-17 | 0-20 0-31 
tet Wild type 0-175 0-24 | 0-81 0°31 
| Chlorophyll Blue-green 11 0-86 | 0-47 _ 
contentt Wild type 16 0-89 0-61 _ 











* All experiments conducted at 30° C. in a medium containing: a 
vitamin-salts mixture ; casein hydrolysate ; and ammonium malate 
‘Anaerobic cultures aerated with 95 per 


cent nitrogen-5 per cent carbon dioxide; aerobic cultures with 


| 95 per cent air-5 per cent carbon dioxide. 


+ Expressed as the reciprocal of the generation time in hours. 


t Measurements made on cells under steady-state conditions of 
pigment synthesis, and expressed as mgm. of bE a maa per 100 ml. 
my. 
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as the population is entering the stationary phase ; 
in cultures of the blue-green mutant liberation of 
porphyrin parallels exponential growth, and dimin- 
ishes with the onset of the stationary phase. The 
excretion of chlorophyll derivatives by the blue-green 
mutant is correlated with a subnormal chlorophyll 
content of the cells (Table 1). 

These facts can be interpreted as follows. In the 
blue-green mutant, the geometry of the chromato- 
phore is drastically changed by the absence of 
carotenoids, as evidenced by the changes of the 
infra-red spectrum. Furthermore, the sub-normal 
chlorophyll content of the cells indicates that less 
chlorophyll can be accommodated in the chromato- 
phore than is possible for the wild type. However, 
since the primary genetic block in the blue-green 
mutant lies in synthesis of carotenoid, the synthesis 
of chlorophyll by the cell presumably proceeds at 
the normal rate, and as a consequence the unincor- 
porated surplus must be disposed. of in some fashion, 
the means adopted being excretion of chlorophyll 
derivatives into the medium. The phorbids which 
are excreted may be either intermediates in the 
normal biosynthesis of chlorophyll, or products of its 
intracellular enzymatic degradation. In any event, 
it is worthy of note that a photosynthetic bacterium 
can produce several derivatives of chlorophyll a, 
since the synthesis of this class of substances has 
been considered up to now the exclusive prerogative 
of plants! and organic chemists?’. 


Physiology of Growth of Bacteria 


The relative growth-rates and chlorophyll contents 
of the blue-green mutant and of the wild type under 
a variety of environmental conditions are shown in 
Table 1. Under anaerobic conditions at any given 
light intensity, the mutant contains less chlorophyll 
and grows more slowly than the wild type; the 
divergences are particularly marked at low light 
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intensities. Under aerobic conditions in the dark, 
the growth-rates are identical. 

In studies on the kinetics of pigment synthesis by 
the wild type and the green mutant, we have found 
that, even in the presence of light, air almost totally 
inhibits both chlorophyll and carotenoid synthesis by 
growing cultures, but does not destroy the preformed 
intracellular pigments. When air is introduced into 
an illuminated culture previously’ growing under 
anaerobic conditions, the growth-rate is either 
unaffected or slightly increased ; presumably photo- 
synthesis continues for a certain period but is 
increasingly replaced by respiration as the pigment 
system of the cells is diluted by growth. A typical 
experiment with the wild type showing the effects of 
air is shown in Fig. 4. When a similar experiment 
was conducted with the blue-green mutant, the 
results were dramatically different (Fig. 5A): shortly 
after the introduction of air, growth ceased abruptly, 
and the preformed chlorophyll in the cells began to 
disappear. The arrest of growth indicated massive 
killing, as shown by viable counts. Death can be 
prevented by shielding the culture from light just 
before the introduction of air ; under these conditions, 
growth continues, and the preformed chlorophyll in 
the cells is not destroyed (Fig. 5B). Since neither 
light nor air alone will kill the mutant, it is evident 
that death results from photodynamic action’. 

Two possible photosensitizing agents are present : 
the bacteriochlorophyll in the cells, and the excreted 
chlorophyll derivatives. Since the principal absorb- 
ing region of bacteriochlorophyll in vivo lies between 
820 and 920 my, whereas none of the excreted 
compounds absorbs light at wave-lengths longer than 
800 my, a simple experiment to decide between these 
possibilities suggested itself. The mutant was grown 


photosynthetically with infra-red light transmitted 
by a filter (Eastman 87C) completely opaque to all 
wave-lengths shorter than 800 my, and the effect of 
introducing air was determined. Under these con- 
ditions, air caused cessation of growth and destruc- 
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tion of chlorophyll in a fashion comparable +. its 
effect on a control culture growing in white ! cht. 
This experiment shows that the photosensitiz::tion 
of the blue-green mutant is attributable main’, jf 
not exclusively, to the intracellular bacterioc) oro. 
phyll. Since carotenoid-containing strains of the 
same organism do not show such a photosensitiza ‘ion, 
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the conclusion that they are protected by their 
carotenoids seems inescapable. 

If protection from photosensitization is a general 
carotenoid function, it follows that the carotenoi:llegs 
condition should be compatible with photosynthetic 
growth only in bacteria, since these are the only 
phototrophs that can be grown in the light in the 
complete absence of oxygen. A green plant without 
carotenoids, even. if initially placed in anaerobiosis, 


would presumably produce upon illumination the 
oxygen necessary for photodynamic death, and hence 
such a mutation in a plant should prove lethal under 
all conditions in the light. Claes** has recently 
described carotenoidless mutants of the green alga 
Chlorella that accumulate one or more members of 
the Porter—Lincoln series. These mutants can be 
grown only in the dark and are killed by exposure to 
light, a finding in agreement with the role for caro- 
tenoids that we postulate. Since it is well estab. 
lished that carotenoids can absorb light used in 
photosynthesis, protection from photodynamic death 
is evidently not their sole function in photosynthetic 
organisms; but we suggest that it may be the 
primary and most important one. On this view, 
the use of carotenoids as ancillary photosynthetic 
pigments by some organisms might be regarded as a 
later evolutionary adaptation. 

This work was supported by grants from the 
National Science Foundation, and from the American 
Cancer Society, upon recommendation of the National 
Research Council Committee on Growth. 

Mary GRIFFITHS 

W. R. Sistrom 
GERMAINE COHEN-BAZIRE 
R. Y. STANTER 


Department of Bacteriology, 
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Berkeley. 
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in the preceding communication, some observa- 
' tions are described on the photosynthetic bacterium 
- Rhodopseudomonas spheroides and some of its mutants, 
' which indicate quite clearly that the presence of 
_ visibly coloured carotenoid within the cell prevents 
- the killing of the cell when exposed simultaneously 
_ to oxygen and light, and that this killing is produced 
' by light absorbed by the bacteriochlorophyll in the 
_ absence of coloured carotenoid. It may be associated 
with a similar phenomenon described for carotenoid- 
deficient mutants of Chlorella’. For the latter, 
however, the requirement of the presence of oxygen 
| for the photokilling of the cell has not yet been 
' demonstrated, although it seems likely that it will 
e be so. 

The suggestion is made by Prof. Stanier and his 
' colleagues that this ‘protective action’ of the caro- 
- tenoid may represent a significant primary positive 
biological function of the carotenoid which had 
- survival value and therefore, by implication, was and 
is a variable upon which evolutionary selection was 
' based. When an attempt is made to formulate the 
_ molecular basis for this phenomenon (protection 
| against photo-oxidative destruction), a somewhat 
' different point of view regarding the reasons for its 
_ existence presents itself. 
' If one interprets the phenomenon in terms of an 
' ability or function of the carotenoid to remove the 
| 25-40 keal. of excitation energy from the chlorophyll 
in some useful way prior to its use in the activation 
_ of some oxidation reaction by molecular oxygen, the 
' protective action arises as an incidental result. 
Photosensitized oxidations by molecular oxygen and 
| dyestuffs of the type of chlorophyll and of chlorophyll 
| itself, in fact, are very well known. The photo- 
sensitized oxidation of thiourea by chlorophyll has 
- indeed been used in actinometry, and the more 
' general photosensitized oxidation of a large variety 
| of unsaturated compounds by molecular oxygen has 

been studied in some detail. 
' The mechanism for this sensitized oxidation as 
| formulated by Schenck? has been used by others® for 
- accounting for a variety of photo-oxidations sensitized 
| by porphyrins; it involves the transition of the first 
' excited singlet state of the porphyrin into a long- 
- lived (longer than 10-* sec.) triplet state of the por- 
_ phyrin‘. This triplet state is then presumed to 
' combine with the paramagnetic oxygen molecule to 
form a reactive peroxide*. The reactive peroxide 
- can transfer its oxygen to a suitable reductant, leaving 
‘the sensitizer to return to its original ground-state. 
' Such reductants have been substances such as ascari- 
_ dol, ete.4, and other oxidizable materials such as the 
| thioctic acid disulphide™. 
There is evidence that precisely such a process of 
| absorption and transition to a long-lived (longer than 
/ 10-* sec.) state by chlorophyll takes place in the 
_ plastids of photosynthetic organisms®. If the caro- 
tenoid were to play a part in the transport or trans- 
' formation of the energy from this state, so that in the 
"absence of carotenoids this state would have a greater 
‘probability of active peroxide formation in the 
/ presence of molecular oxygen, the phenomena above 
‘described would be expected to follow. Indeed, 
‘evidence for the likelihood of such a function for the 
carotenoid is also found in another observation de- 
scribed, by Prof. Stanier and his colleagues. This is 
the great reduction, amounting to almost the dis- 
jappearance, of the absorption bands at 8000 and 
8550 A. from the mutant lacking coloured carotenoid, 
without any concomitant change in the porphyrin 


No, 4495 








NATURE 


1215 





composition of the cell to which this might be 
attributed. As suggested by them, the disappearance 
of these absorption bands appears to be due to some 
change in the geometry of the plastids. More 
specifically, we would suggest that this absorption 
band is associated with the existence of a pi-complex 
between the carotenoid and the chlorophyll, models 
for which are to be found in the several systems 
which have been described by Scheibe* over the past 
twenty years. Such an interaction would indicate a 
close coupling between the electronic systems of the 
two molecules and provide a very effective pathway 
for energy transport or transformation. That such 
a transfer may take place in the reverse direction had 
been demonstrated by the observation of chlorophyll 
fluorescence induced by carotenoid light absorp- 
tion’. 

From this point of view, the ‘normal’ function of 
the carotenoid would be in one of the following steps : 
(1) in the conversion of the long-lived electronic 
chlorophyll excitation into reducing and oxidizing 
agents (electrons and holes; it is not unlikely that 
the extra absorption bands mentioned in the previous 
paragraph are charge-transfer spectra related to this 
process)®, ; (2) in the succeeding separation of these 
agents by a process of conduction in the conjugate 
chain ; or (3) as a coenzyme in the conversion of the 
oxidant initially formed (to oxygen in the green plant 
or to oxidize the hydrogen donor in the photosynthetic 
bacteria). In. performing any of these energetically 
useful functions it would, of course, inhibit the 
photosensitized oxidation of such essential sensitive 
cell constituents as disulphides and mercaptans. An 
apparently alternative mechanism for the ‘protection’ 
would be for the carotenoid to act as ‘most-favoured’ 
oxygen acceptor from the reactive peroxide. This 
would require a reductive process for the regeneration 
of carotenoid, and it might even be a process yielding 
energy, in which case it would correspond to the third 
possibility mentioned above. 

Since all these functions would be considered 
essential steps in the ability of a cell to use light 
energy for growth, it is necessary to recognize the 
requirement for something able to perform these 
functions, although perhaps less efficiently, in the 
case of the anaerobic photosynthetic growth of the 
blue-green mutant. This may be the less conjugated 
phytoene, or some other as yet unrecognized cell 
constituent. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Radiation Sensitivity of Ovarian Tissue at 


GonapDat tissue of rats, soaked in vitro in media 
containing glycerol, can be subjected to very low 
temperatures without losing its capacity to form an 
endocrinologically active graft!. This observation 
has made possible the extension to normal tissues of 
work on the temperature relations of radiation effects 
which has hitherto been restricted to small ranges of 
temperatures, or, so far as mammalian material is 
concerned, to certain tumour cells?. 

Rat ovarian tissue was chosen for the experiments 
because of the wealth of information about its 
behaviour in vitro and on grafting, and because, in 
addition to the endocrine cells, the ova offer a highly 
sensitive indicator of irradiation effects. So far as I 
am aware, no experiments on X-irradiation in vitro 
have been carried out with ovarian tissue even at 
normal temperatures, though this method has been 
used with adrenal grafts*. In vivo, however, exposure 
of the rat ovary to 500-3,000 r. causes destruction 
of the ova‘. Direct destruction of the endocrine tissue 
of the ovary must be distinguished from the curtail- 
ment of its functional life which may follow destruc- 
tion of the ova’. 

There are three main indices of the endocrine 
effectiveness of ovarian grafts in ovariectomized 
females: the proportion of animals in which the 
grafts ‘take’, the latent interval before they become 
functional and the survival-time of the graft as a 
functional organ. In rats, the restoration and main- 
tenance of the vaginal cycle in ovariectomized 
recipients, readily effected by the transplantation of 
normal ovarian tissue, is a convenient indication of 
functional activity of the graft. In this communica- 
tion, ‘activity’ refers only to endocrine activity thus 
determined, there being no question of fertility with 
subcutaneous grafts. 

In most of the experiments to be considered here, 
the two ovaries were removed early in the morning, 
cut into eight quarters, soaked in 15 per cent glycerol- 
saline or glycerol-serum for one hour, and sealed in 
glass ampoules. The ampoules were then immersed in 
alcohol at room temperature (controls), or frozen in 
the slow cooler previously described* and immersed in 
alcohol maintained at —79° C. by solid carbon dioxide 
in a vacuum jar. The jars were dispatched imme- 
diately to the Experimental Radiopathology Research 
Unit at Hammersmith, where the ampoules, still im- 
mersed in alcohol, were irradiated under conditions 
which ensured that a known dose was received by the 
ovarian tissue contained in the ampoules. The jars 
were then brought back to Mill Hill, and the tissue 
transplanted subcutaneously to the donors. 

With two sets of operations and slow freezing to 
be carried out on the same day, the necessity for 
transporting the material across London for irradia- 
tion placed a severe restriction on the design of the 
experiments. At first, control material was put 
simultaneously through the same procedure, without 
irradiation ; but with four types of treatment going 
on simultaneously the number of animals in each 
category was so reduced that in later experiments 
the non-irradiated control grafts were made on the 
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previous day. Also, attempts to relieve the loyistic 
difficulties by using material frozen for more than 
a few hours were complicated by the greater fre: zing 
damage thus incurred. 

Irradiation was from a Philips ‘Metallix’ X-ray 
tube run at 190 kV. and 6 m.amp., giving a dose rate 
to the tissue of 68 r. per min. Three levels of dosage 
were used at room temperature on materia! in 
glycerol-saline: 1,000 r., 3,300 r. and 6,600 r. Tissue 
which had received 1,000 r. established itself as a 
graft and, over a short period of observation, 
functioned normally and, at least for a time, contained 
normal ova. At the other extreme, no functional 
grafts were obtained from material irradiated with 
6,600 r. The intermediate dose did not prevent 
entirely the establishment of endocrinologically 
functional grafts; but it greatly decreased their 
effectiveness and no ova were found in such griafts, 
Attention was therefore concentrated on irradiation 
with 3,300 r., and various sighting experiments at 
room temperature and at — 79°C. showed that the 
effect was influenced by the nature of the medium 
and by the amount of damage attributable to freezing 
alone. A four-point experiment based on the results 
of the preliminary work, in which 15 per cent glycerol- 
serum was used because of the added protection it 
gives to ovarian tissue against freezing damage’, 
yielded the results summarized in Table 1. 
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Table 1. EvrgcT OF TEMPERATURE ON IRRADIATION DAMAGE TO Kar 
OVARIAN TISSUE 


Two replications of a 4-point experiment, 40 rats in all 























Effectiveness of graft 
In vitro treatment of Proportion Average Proportion 
tissue before grafting of ‘takes’ | latent inter-| active at | 
val (days) | seven weeks 
Soaked only | 
Not Scupeteh 10/10 7:8 10/1 
* mperature . 0 
irradiated Frosen to 
— 79°C. 10/10 12°3 10/10 | 
At room 
Irradiated ‘ 
| temperature 2/10 21-0 0/10 
| (3,800 r-) | ay — 79°C, 9/10 20-5 5/10 | 
| 














The following conclusions may be drawn. 

(a) The grafting of ovarian tissue which had been 
soaked in glycerol-serum but neither frozen nor 
irradiated produced effects similar to those previously 
reported. : 

(b) Freezing alone increased the latent interval, 
but did not affect the proportion of ‘takes’ or, within 
the period of observation, the functional survival- 
time of the graft. 

(c) Irradiation with 3,300 r. at room temperature 
greatly reduced the number of ‘takes’, increased the 
latent interval by nearly three times and shortened 
the functional life of the graft. 

(d) Irradiation at — 79°C. was less damaging 
because both the proportion of ‘takes’ and the 
survival-time of the graft were much increased as 
compared with irradiation at room temperature, in 
spite of some additional damage due to freezing. 

Histological examination of the material discussed 
in the table showed that there was little difference 
between the two types of non-irradiated grafts ; both 
frozen and fresh tissue gave rise to active-looking 
grafts with abundant ova, follicles and corpora lutea. 
Where the tissue had been irradiated at room tem- 
perature, only degenerate bits could be recovered at 
autopsy and these consisted histologically of small 
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nests of old luteal cells. The grafts obtained from 
tissue irradiated at — 79°C. also consisted mainly 
of luteal tissue, but much of this was in the form of 
old but still well-organized corpora lutea. Ova were 
not seen, and there is no suggestion that under the 
conditions of this experiment low temperature gave 
any significant protection to the eggs against the 
excessive dose of X-rays employed. 

The results must be regarded as preliminary, and 
evidently a host of variables remain to be investigated 
in connexion with even this one type of tissue. Never- 
theless, the experiments justify the conclusion that 
under certain conditions a temperature of — 79°C. 
appears to afford some protection to rat ovarian 
tissue against irradiation effects. 

[ am much indebted to Dr. G. Popjak, who 
arranged for the irradiations at the Experimental 
Radiopathology Research Unit, and my especial 
thanks are due to Dr. M. Ebert, who carried out the 
irradiations and whose study of dosimetry under 


' unusual conditions was vital to the work recorded. 
' The operative procedures were carried out by Miss 


M. Moylan. 


A. 8S. PARKES 


' National Institute for Medical Research, 


Mill Hill, London, N.W.7. 
Sept. 21. 
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Identification of N*-Methylguanine 
(2-Methylamino-6-hydroxypurine) as a 
Normal Constituent of Human Urine 


A RECENTLY initiated re-investigation! of the free 


| purine bases (other than methylxanthines of dietary 
' origin or uric acid) normally occurring in human 
_ urine showed that in addition to xanthine, hypo- 
' xanthine, adenine and 7-methylguanine, 


isolated in 
older work’, guanine, 1-methylguanine, and a number 
of as yet unidentified substances of purine-like 
The procedure used segrega- 
tion of amphoteric components by absorption on 
resin and elution with ammonia, pre- 


centrate, elution and ultra-violet spectrophotometry. 
Improved ultra-violet illumination has revealed the 
presence of an additional substance the ultra-violet 
spectrum of which strongly suggests a substituted 
this appears as a faint spot on 
‘spot U*! and 


A small specimen of this unknown substance was 
isolated by ion exchange chromatography* and 
further purified by paper chromatography. Its 
mobilities on paper chromatograms in four solvents 
(Table 1) and its spectra at five pH values (Fig. 1) 
were found to be in excellent agreement with those 
of a synthetic specimen of N*-methylguanine‘. 
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PROPERTIES OF THE URINE ISOLATE AND OF N*-METHYL- 
OF THE PRODUCTS FORMED BY NiTrous ACID 
TREATMENT 


Table 1. 
GUANINE, AND 


| | Product from action 


| of nitrous acid on 

Urine N?- 2. 
isolate methyl- 
guanine 


Property 
methyl- 
guanine 


urine 
lsolate 


| | | | 


0-04 } 


Re values in 
| n-butanol-0-6 M 

ammonia 
n-butanol-aq. 
formic acid 

pH 7 aqueous 
buffer* 

pH 9 aqueous 
buffert 


0-04 


0-50 0-49 





Ultra-violet ab- } j 
sorption at | 
pH 2-1, max. (mz) 251, 280 | 26 
pH 2-1, min. (mp) | 228, 270 | 22 

pu 6-2, max. (mp) | 247, 280 
pH 6-2, min. (mz) | 226, 266 
pH 9-0, max. (my) | 247, 280 | § 
pH 9-0, min. (mp) | 228, 266 | 


* 0-07 M phosphate buffer. 
+ 0-05 M borate buffer. 


Analogous to the case of N*-methyladenine and of 
8-methylaminopurine’ was a small shift to longer 
wave-length of the absorption maxima of N?-methyl- 
guanine relative to those of guanine. To confirm 
further the identity of the unknown with synthetic 
N?*-methylguanine, both were treated with nitrous 
acid. (To a suspension of 0-25 mgm. of substance 
in 0-25 ml. of 2 M acetic acid at 60°, 0-05 ml. of 1 M 
sodium nitrite was added over a 10-min. interval.) 
The paper mobilities and ultra-violet absorption of 
the product from either specimen again coincided 
within experimental error (Table 1). The structure 
of the product is at present unknown. The substance 
produced by action of nitrous acid on N*-methyl- 
adenine has been tentatively formulated as an 
N*-nitroso derivative’. 

The urine of all the normal human subjects exam- 
ined contained the new compound. The average 
daily urinary excretion was 0-5 mgm. The urinary 
excretion of N*-methylguanine, and of the purines 
earlier described!, was not significantly changed after 
three days on a diet restricted to glucose and water, 





LU ' 





Relative optical density 











Wave-length (mz) 


Fig. 1. Ultra-violet spectra of the urine isolate (lower oueves and 
synthetic N*-methylguanine (upper curves). (a):in 1 hydro- 
chloric acid (6) at pH 2-1,---—-; (c) at pH 6-2, ———_ 
(d) at pH 9-0, - : __and © in 1M Pow ana hydroxide. 
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or after sterilization of the intestinal tract by ingestion 
of neomycin and succinylsulphathiazole. This in- 
dicates that they are products of endogenous meta- 
bolism in man, and not dietary or bacterial in origin. 

This identification of N*-methylguanine as a 
urinary constituent seems to be the first time it has 
been recorded in a natural product. Of interest in 
this connexion is the recent demonstration of N*- 
methyladenine* and of N*-dimethyladenine’ in bact- 
erial and fungal sources. With the earlier identifica- 
tion of 7-methylguanine* and 1-methylguanine’, the 
identification of N*-methylguanine brings the number 
of methylated guanines in human urine to three. 
A possible fourth such derivative is the substance 
designated! ‘spot K’, which is still under investigation. 
The similarity of the spectra of this substance to 
those of 8-hydroxyguanine at a number of pH values 
and other evidence suggest that it may be a methyl- 
ated 8-hydroxyguanine. The possibility that methyl- 
ated guanine derivatives may play some significant 
part, as yet unexplored, in human metabolic processes 
is indicated. 

We wish to thank Dr. Gertrude B. Elion, of the 
Wellcome Research Laboratories, for making avail- 
able a specimen of synthetic N*-methylguanine. The 
investigation was supported in part by a grant-in-aid 
from the National Institute of Arthritis and Metabolic 
Diseases, National Institutes of Health. 
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Normal Blood Picture of the Guinea Pig 


In the course of general research into the effect 
of various drugs on the hemopoietic system of the 
guinea pig, it was necessary to observe and record 
the normal blood picture, since there is considerable 
variation in the results given by other workers?’. 
These records of the normal were primarily obtained 
to provide a base-line for combined investigations on 
the reticulo-endothelial system and the blood in rela- 
tion to the defence mechanism of the body. 

The results we have obtained are from 53 intact 
male guinea pigs which varied in weight from 300 to 
570 gm. The blood was removed from a marginal 
vein of the ear and also from the heart. 

Erythrocytes. The average total count was found 
to be 5 million per c.mm. with a variation up to 
0-4 million cells. Other workers? record a range of 
3-7-7-7 million, but the majority are in agreement 
with a total of about 5 million. In comparison with 
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human blood, there is a slight degree of poililo. 
cytosis, anisocytosis and polychromasia. 

Hemoglobin. The hemoglobin-level was determined 
by the Sahli method and averaged 81 per cent. Others? 
give values of 75-110 per cent. 

Platelets. The average number in the present series 
of animals was 71,000 per c.mm., but varied from 
54,000 to 100,000. 

Leucocytes. The average total count was found to be 
9,100 per c.mm. This varied between 5,000 and 15,000; 
but most of the animals showed a count of between 
eight and ten thousand. 


DIFFERENTIAL COUNT 


Average Range 

(per cent) (per cent) 
Lymphocytes 64 55-81 
Pseudoeosinophil granulocytes 32 16-44 
Immature granulocytes 0-1 0-1 
Eosinophil granulocytes 0-6 0-3 
Basophil granulocytes 0-2 0-2 
Monocytes 3-1 0-7 


The normal blood picture is therefore one of 
‘lymphocytosis’. The pseudoeosinophils are the 
counterpart of the neutrophils of human blood. 
Compared with the true eosinophils, they show finer 
granules in their cytoplasm, do not exhibit certain 
specific staining (Zollikofer’s)* and show multiple 
segmentation of the nucleus, which usually has from 
four to seven lobes. 

The Foa—Kurloff cells‘ in this series of male animals 
never exceeded 1 per cent of the leucocyte count 
and were only observed in some of the films examined. 

There was no evidence that albino guinea pigs 
possess moreecirculating leucocytes than the coloured 
varieties. 

The heart blood compared with that taken from 
the ear showed a slightly higher percentage of 
lymphocytes (72 per cent) and a small reduction in 
pseudoeosinophils (25 per cent), although the total 
leucocyte count showed no change. 

The blood films were stained with Giemsa’s stain 
and the platelet count estimated by comparison with 
the number of erythrocytes. 


D. L. J. Brpey 
T. Nicon 


Department of Anatomy, 
King’s College, 
London, W.C.2. 

July 19. 


1 Bulliard, H., and Seman, G., Le Sang, 1, 41 (1954). 

? Schepank, H., Z. fiir Haut- und Geschlects Krankh., 16, 9 (1954) 
* Carpentier, P., Nature, 175, 1128 (1955). 

* Ledingham, J. C. G., J. Path. and Bact., 60, 2 (1940). 


Cortex and Medulla of Bird-Feathers 


In fully developed mammalian fibres, the cortex 
shows an affinity for ‘nitro’ dyes, while the medulla 
retains any acid stain', this being clearly seen in 
Wildman’s? colour photograph. Histogenetically, the 
affinity of the fibre medulla for acid dyes may be 
connected with its re-absorption or adsorption of the 
earlier segregated droplets of the intensely acidophilic 
trichohyalin’, and it may also bear out the chemical 
specificity of the medulla, as compared with the cortex, 
pointed out by, for example, Bekker and King’. In 
contrast to its high and general affinity for ‘nitro’ 
dyes, the cortex of fully keratinized fibres shows 4 
slight, regional affinity for basic stain‘. However, 
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Surface layer 
(basophilic) 
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(nitrophilic) 
Medulla 


Pre-keratinized (acidophilic) 


(basophilic) 


Barbules 


Portions of cortex proper 





Acidophilic 


v 





Reverse 


Fig. 1. Part of a transverse section through a feather germ from 
a guinea fowl, showing a barb. in which the obverse portion of the 
cortex has attained full keratinization. x 500 


before attaining keratinization within the follicle, the 
cortex shows a ‘pre-keratinization’ zone in which its 


_ previous, acidophilic state abruptly changes into an 


extremely intense affinity for basic stain®»'. 
Change from an acido- into an intensely baso- 
philic state can be observed during differentiation of 


_ cortex also in bird feathers; but Auber’s! staining 


procedure reveals that, with full keratinization, the 
cortex shows a greater and more general tendency to 
retain basic stain than does fibre cortex; this may be 
in conjunction with chemical differences between this 


_ layer in birds and mammals, found by earlier authors. 
_ As in mammalian fibres, the medulla of feathers 


shows an intensely acidophilic state, which persists 


| after full keratinization ; however, no droplets com- 
' parable to trichohyalin appear in the medulla at any 


stage. 
Earlier work shows that differentiation and keratin- 
ization of the feather takes place in waves passing 


' across the width of the rhachis and the barbs in a 


' direction from the obverse to the reverse. 


Germs, 


particularly of large feathers, may show, in a@ corre- 
_ sponding arrangement, three phases of differentiation 


of the cortex, namely, full keratinization (‘nitro’- or 
basophilic), pre-keratinization (intensely basophilic), 


_ and the early, acidophilic state, in one and the same 


cross-section of a barb (Fig. 1). 
Sections through fully developed feathers may be 


| stained successively with a basic and an acid stain 
_ (for example, basic fuchsin and picro-indigocarmine, 


or toluidine blue and acid fuchsin). After the initially 


_ applied basic dye has been extracted from the 





Fig. 2. Transverse section through a barb from a structurally 
coloured (purple) — wing-covert of a tanager (Thraupis epi- 
scopus (Linn.)). The melanized granules (black) lie in a cortical 


diaphragm dividing the medulla into an obverse and a reverse 
strand. x 850 
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medulla with 70 per cent alcohol, this layer is stained 
by a short exposure to the acid dye. In conjunction 
with the ob-reverse progress of keratinization, reverse 
portions of the cortex may appear less intensely 


cortex, or they may attain a stain resulting from 
both dyes; however, they stand out clearly from 
the intensely acidophilic medulla. Such regional 
differences within the feather cortex may correspond 
histogenetically to the regional heterogeneity of the 
fibre cortex*»*. According to the type of bird, the 
obverse portion of the surface layer? may stand out 
from the cortex proper by an extreme intensity of 
the basic stain; or this portion may stain less in- 
tensely or even, when picro-indigocarmine is used 
for staining the medulla, it may stain with the ‘nitro’ 
dye (picric acid). 

By applying such a differential stain, misconcep- 
tions by earlier authors* about the structure of some 
feathers can be rectified. Thus it can be shown that 
in barbs of, for example, some kingfishers and some 
tanagers, the light-absorbing melanins (necessary for 
production of Tyndall’s blue) are situated, not in the 
medulla but in a cortical diaphragm which divides 
the medulla into two strands (Fig. 2). Moreover, 
in some kingfishers the melanins were found to lie 
in an isolated axial strand of cortical tissue, com- 
pletely surrounded by a tube-shaped medulla (Fig. 3). 
A detailed account of the morphology of such 
atypically textured feathers is now being prepared. 





Fig. 3. Transverse section through a barb from a structurally 

coloured (purple) feather from the rump of a kingfisher (Halcyon 

coromanda (Lath.)). The melanized granules lie in an axial strand 

of cortical tissue which is a enclosed by medullary cells. 
x 


I am indebted to the Council of the Wool Industries 
Research Association for permission to publish these 
observations, and to Mr. H. M. Appleyard, Miss 
M. E. A. Perkin and Miss D. Davenport for preparing 
the photomicrographs. 

L. AUBER 


Biology Department, 
Wool Industries Research Association, 
Torridon, 
Headingley, Leeds 6. 
Aug. 15. 


1 Auber, L., Trans. Roy. Soc. Edin.. 62. 191 (1952). 

2 Wildman. A. B., “The Microscopy of Animal Textile Fibres”, Fig. 110 
(Leeds, 1954). 

* Bekker, J. G., and King, A. T., Biochem. J., 25, 1077 (1931). 

bs Aubtgs Bb and Ryder, M. L., Proc. 1st Int. Wool Text. Res. Conf. 


*Unna, P. G., “Histochemie der Haut” (Leipzig, 1928). 
* Horio, M., and Kondo, T., Teat. Res. J., 28, 373 (1953). 
* Auber, L., and Appleyard, H. M., Nature, 168, 736 (1951). 
* Frank, F., J. Orn. Lpz., 87, 426 (1939). 
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Factors influencing the Motility of a 
Strain of Pseudomonas viscosa 


THE observation that Pseudomonas viscosa is 
motile only around bubbles of air when examined 
under a coverslip has led to the investigation of the 
effect of oxygen and other factors on its motility. 

Distilled water suspensions of the organism 
(approximately 2,500 million viable organisms per 
ml.) from nutrient agar cultures were gently mixed 
and then drawn into flat capillary tubes made by a 
modification of the method of Wright and Cole- 
brook?. The tubes were sealed, leaving an air space 
at one end, and examined microscopically. 

Immediately after introduction into the capillary, 
the organisms were briskly motile throughout the 
length of the column of suspension ; but after several 
minutes (average 7-10 min.) motility ceased except 
in @ zone approximately 2-4 mm. in length next to 
the air, and was optimal in a narrow band 1 mm. or 
more from the air surface. The time required for 
general motility to cease could be increased to 80 min. 
by prolonged aeration of the suspension. The 
organism remained motile for periods up to several 
days at room temperature in the zone near the air, 
the duration of motility depending on the size of the 
air space. If, when all motility had finally ceased, the 
capillary tube was re-opened, motility re-commenced 
at the air-suspension interface immediately. 

All the phenomena observed with air could be 
reproduced with oxygen ; but motility was not main- 
tained by hydrogen, nitrogen or carbon dioxide. 

The use of fresh 50 per cent broth as the suspending 
medium gave different results. Motility in the centre 
of the column ceased at approximately the same 
time as that in the water control ; but, after a pause 
of a second or two, the cells in the presence of broth 
began to move again, and remained motile for 
approximately two hours. This finding suggested a 
second factor promoting motility under relatively 
anaerobic conditions. Other reagents were tested for 
ability to give prolonged motility, and the results 
obtained are summarized in Table 1. They show 
that arginine was capable of producing all the phe- 
nomena noticed with broth, that the duration of 
motility increased with increasing concentrations of 
arginine, and that arginine was highly specific. 

The temporary brief cessation of motility described 
above suggested that arginine was not utilized for 
motility until the available oxygen in the suspending 


Table 1. RESULTS OF MIXING EQUAL VOLUMES OF AQUEOUS SUSPEN- 
SIONS OF Ps. viscosa AND SOME DIFFERENT REAGENTS 
Prolongation of motility 
beyond that of the water 
control. (Readings 
taken at more than 20 
mm. from the air space) 


Reagents 


Nutrient broth. Digest broth. Boiled broth. 
0-1 per cent Thioglycollate broth. Brewer’s 
medium. 1 per cent Peptone. L-arginine 
12mM 

Meat extract without added peptone. Super- 
natant from overnight broth culture. 
Creatine, L-citrulline and t-ornithine 
(2-5-25 uM) 

18 other amino-acids, singly or in groups 
(individual concentrations, 4-0-0-5 mM) 

Adenosine triphosphate (2-5 mM-0-025 uM), 
urea (25-0-25 mM), glucose (1-0-01 per 
cent) 

L-arginine hydrochloride 6 mM 


> 40 min. 


0 min. 


0 min. 
0 min. 


182 min. 
86 


” Be 21 x 6mM * 

- 2? x 6mM oe 

ey ia ig 6mM  _— 

ae oa 2* x 6mM ae ss 

” * 2* x 6mM 7 » 

»» op 2* x 6mM etc 
L-arginine hydrochloride 0-4 mM + adeno- 


sine triphosphate (0-7-5 mM) 16 4 


approx. 
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medium had been reduced below a critical level. 
Experiments designed to test this point were made 
by comparing the duration of motility of suspensions 
aerated in the presence and absence of arginine with 
that of unaerated controls. The results showed that 
arginine was, in fact, utilized in aerated mixtures, 
but considerably more slowly than under conditions 
in which motility dependent upon oxygen had ceased. 
To summarize: the motility of this strain may be 
activated either by a certain minimal concentration 
of molecular oxygen, or by arginine in the absence 
of sufficient available oxygen to allow the first mech. 
anism to operate. These observations promise to 
throw further light on the biochemical processes con- 
trolling flagellar activity, and work is continuing in 
an attempt to determine the role and fate of arginine. 
N. W. PREsTON 
J. C. SHERRIS 
Department of Bacteriology, 
University of Manchester. Aug. 15. 


‘Wright, A. E., and Colebrook, L., “Technique of the Teat and 
Capillary Glass Tube’’, 22 (2nd edit., 1921). 


Chloride lons in the Secretion of the 
Pitcher Plant 


ANALOGIES between the pitchers of insectivorous 
plants of the genus Nepenthes and the mammalian 
stomach were first given biochemical justification 
when De Zeeuw' demonstrated that the proteolytic 
activity, long known to occur in the viscous secretion 
of opened pitchers, was also present in the juice of 
pitchers opened under sterile conditions and could 
hence not be of bacterial origin. A recent study of 
the secretions from opened and unopened pitchers 
of some fifteen species of Nepenthes, made available 
to me by courtesy of the Director of the Royal 
Botanic Gardens at Kew, makes it possible to suggest 
a yet closer analogy between the animal and vegetable 
organs. 

It was found that, whereas the pH of the secretion 
in unopened and sterile pitchers fell within the range 
4-2-6-6 (mean 5-5), it was some 2 pH units lower 
(2-3-4-6, mean 3-3) in the juice of freshly opened 
pitchers which, though not sterile, had not yet 
acquired a chemically important bacterial population. 
Chromatography on paper of the secretions of freshly 
opened pitchers showed no significant amounts of 
the commonly occurring organic acids. Tests with 
silver nitrate, however, showed chloride ions to be 
present in the juices of all pitchers. Whereas chloride 
was usually present in very low concentration in the 
immature organs, estimations by an _ iodometric 
method on the secretions of newly opened pitchers 
showed chloride ion concentrations in the range 600- 
900 mgm. per litre. 

Although data are not yet available for the 
construction of an ion balance sheet, there seems to 
be a definite qualitative correlation between the 
hydrogen and chloride ion concentrations in the 
pitcher secretion of Nepenthes. Since, in general 
agreement with the results of earlier authors’, the 
pitcher protease has been consistently found to show 
an optimum activity on hemoglobin in the region 
pH 2-3, the provisional conclusion appears to be 
justified that the proteolytic action in the pitcher 
is established, as in the mammalian stomach, by 
concomitant secretions of a protease and of hydrogen 
ions, the latter being balanced by a simultaneous 
secretion of chloride. 
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It is interesting to note that chloride was first 
detected in the pitcher secretion by Voelker® in 1849. 
[| wish to thank Drs. L. Bentley and D. F. Cheesman 
for their advice in this investigation. 
SHELAGH MORRISSEY 
Departments of Botany and Physiology, 
Bedford College, 


University of London. 





Aug. 14. 


1 De Zeeuw, J., Biochem. Z., 269, 187 (1934). 

2 Of. Lloyd, F. E., ‘The Carnivorous Plants”, chapter 4 (Waltham 
Mass., 1942). 

Voelker, A., Ann. and Mag. Nat. Hist., ii, 4, 128 (1849). 


A Crystalline Component of Carp Myogen 
precipitating at High lonic Strength 


FRACTIONATION of carp myogen with ammonium 
sulphate reveals the occurrence of a component 
precipitating at neutral pH between 90 and 100 per 
cent saturation of ammonium sulphate. We have 
succeeded in isolating this constituent by the following 
method. 

Fresh muscles are minced and extracted with 
water for 1 hr. at 2° C. The supernatant separated by 
centrifugation is dialysed in the cold against water. 
The globulins precipitated are discarded. The solu- 
tion is brought to 88 per cent saturation by addition 
of solid ammonium sulphate and the pH is adjusted 
to 6-5. After elimination of the precipitate, solid 
ammonium sulphate is added to 98 per cent satura- 
tion. The solution is gently stirred for 1 hr. in the 
cold; the precipitate is separated by centrifugation 
and dissolved in a small amount of water. This 
solution, which gives rise to an important crystalliza- 
tion within 24 hr. at 2° C. (Fig. 1), has been examined 








by electrophoresis, ultracentrifugation and spectro- 
photometry, after dialysis against a phosphate — 
sodium chloride buffer of J = 0:15 and pH 7:3 
(I = 0-1 phosphate + 0-05 sodium chloride). 

Two electrophoretic gradients of closely similar 
mobilities are observed on the ascending side corre- 
sponding to the main gradient of carp albumins 
described by Hamoir'»? which migrate at —3 x 10-5 
(ascending) and — 2-5 x 10-5 (descending) cm.? volt-! 
sec.-1 (same buffer as above). In the ultracentrifuge, 
a single peak is obtained with a corrected rate of 
sedimentation of about 1-5 S. 



































Fig. 1. Photomicrograph with phase-contrast microscope. x 360 
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The ultra-violet absorption spectrum is shown in 
Fig. 2. It differs surprisingly from that usually 
observed with proteins. The absorption at 280 mu 
is very low, and three peaks are observed at about 
253, 259 and 264 my, identical to those described by 
Fromageot and Schnek® in the case of phenylalanine 
at neutral pH. This protein appears, therefore, to 
contain very little tyrosine and tryptophan, and a 
much higher proportion of phenylalanine. No pro- 
tein, except gelatin, seems to have been described 
so far having such an unbalanced composition in 
cyclic amino-acids‘. 

The occurrence in earp muscle albumins of a 
protein fraction having such electrophoretic and ultra- 
centrifugal properties has already been inferred 
from the study of whole extracts*; but except 
myoglobin®, no component had been isolated and 
crystallized hitherto from these low-molecular weight 
proteins, which appear to occur only in muscles of 
cold-blooded vertebrates?>*. 

J. G. Henrorre 
Laboratory of General Biology, 
University of Liége. 
Aug. 15. 
' Hamoir, G., Biochem. Soc. Symposia, 6, 8 (1951). 
* Hamoir, G., Arch. internat. Physiol. et Biochim., 63, fasc. 4 supp. 


(1955). 

*Fromageot, Cl., and Schnek, G., Biochim. Biophys. Acta, 6, 113 
(1950). 

* Beaven, G. H., and Holiday, E. R., “‘Adv. in Prot. Chem.”, 7, 326 
(1952). 


* Hamoir, G., Symp. on Cured and Frozen Fish Technol., Géteborg 
(1954). 


* Deuticke, H. J., Z. physiol. Chem., 224, 216 (1934). 





The ‘Blow’ of Whales 


In a communication in Nature of June 25, 1955}, 
attention was directed to the occurrence of an ex- 
tremely stable foam in the lung passages of the rabbit. 
The foam was formed from a mucus composed of an 
insoluble protein, the surface tension of which was 
extremely low. 

Foam with comparable qualities has been estab- 
lished as occurring naturally in the sinus system of 
the middle ear and in the trachea of whales (common 
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rorqual, pilot whale and sperm whale). In these 
animals the foam is developed from a very finely 
divided emulsion of fat droplets in mucus, and gas. 
When it is spread out on a glass plate, the foam 
persists for several days and eventually dries to a 
meringue-like consistency. 

In the region of the ear, the foam subserves a 
sound-insulating function* ; but its occurrence in the 
respiratory passages suggests that it may also have 
the role of absorbing the residual nitrogen of the 
inspired air, both in the lungs and middle-ear sinuses. 
It is well known that fat has a nitrogen-absorptive 
capacity six times greater than that of blood*. In 
a foamed emulsoid form, the conditions for absorption 
are ideal. 

This leads to consideration of the constitution of 
the ‘blow’ of whales, which has been the subject of 
much conjecture and not a little controversy. It has 
variously been thought to be formed of water, of 
condensed water vapour or of these combined with 
the exhaled breath. It is obvious that the lungs 
are not filled with water, and the amount thrown 
up by the exhaling whale while breaking surface does 
not seem adequate to account for the conspicuous and, 
to whaling men particularly, the specifically recog- 
nizable fountain which has so often been observed. 
The fact that the ‘blow’ is of equal visibility whether 
seen in the tropics or in colder latitudes would seem 
to rule out the condensed water-vapour hypothesis. 
It is suggested, therefore, that it is the nitrogen- 
charged foam which is expelled on exhalation. 

A distinctive colour injection of the oil sinus of 
the ‘melon’ of a pilot whale was carried out at the 
Museum. The result points to a connexion between 
this supra-maxillary oil sinus and the mucous mem- 
brane of the middle ear air sinus. A similar con- 
nexion could be anticipated for the similarly situated 
spermaceti organ of the sperm whale. These liquid 
oil systems have no capillary vascular system in their 
interior, and the oil is therefore unlikely to be 
saturated with nitrogen at atmospheric pressure if 
the rate of oil synthesis exceeds that of nitrogen 
saturation. If the oil—-nitrogen absorption idea is 
correct, it would be expected that an animal of the 
size and deep-diving capacity of the sperm whale 
would require a very considerable reservoir, such as 
the spermaceti organ, of liquid oil for emulsification. 
to replenish that lost at each exhalation. 


F. C. FRASER 
P. E. Purves 


Department of Zoology, 
British Museum (Natural History), 
Cromwell Road, 
London, S.W.7. 
Aug. 16. 
1 Prattle, R. E., Nature, 175, 1123 (1955). 
* Fraser, F. C., and Purves, P. E., Bull. Brit, Mus. (Nat. Hist.), 2, 


No. 5, 103 (1954). 


* Burns, D., “An Introduction to Biophysics” (Churchill, London. 


1921). 


Interlamellar Sorption Complexes of 
Graphitic Acid with Organic Substances 


GraPuHiric acid has long been known! to show 
reversible interlamellar swelling with water, of the 
same apparent type as that shown by the clay mineral 
montmorillonite. As in the case of this mineral, 
reactions with organic substances of polar nature 
are to be expected ; these, although mentioned in an 
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For the symbols used to indicate technique, see text. The sign— 
—_ no appreciable swelling. For measurements on alcohols, see 
ig. 


early paper’, appear not to have been systematical]; 
investigated using X-ray diffraction methods. This 
we are in process of doing. 

Complexes can be formed simply by moistening 
the graphitic acid (previously dried) with the organic 
liquid, or with a suitable solution. Table 1 lists a 
few of the basal spacings we have observed in this 
way. In most cases they are derived from X-ray 
powder photographs, made with the graphitic acid 
powder in a Lindemann glass tube (indicated by p in 
Table 1); some from similar photographs of small 
oriented aggregates, as used in studying clay minerals* 
(0); others with a special flat-plate semi-focusing 
camera calibrated with mica (f). 

The graphitic acid was prepared by treating 
powdered graphite with a mixture of potassium 
chloride, nitric and sulphuric acids‘. It was not 
an entirely uniform product, the X-ray diagrams 
showing some unchanged graphite (002) spacing, 
which, however, caused no confusion. For some of 
the photographs, the most altered product was 
separated by sedimentation. The product, after 
drying over concentrated sulphuric acid, had a basal 
spacing of 7-0 A. It was perhaps still slightly ex- 
panded ‘at this stage, or else some sulphate groups 
were present in interlamellar positions. The column 
headed A in Table 1 gives the expansion, with refer- 
ence to an ‘unexpanded’ spacing of 7-0 A. 

The observations referring to the aliphatic alcohols 
are of particular interest, and are shown graphically 
in Fig. 1. For the first three members the expansion 
is small, about 2-5 A., of the same order as that for 
glycol, glycerol and acetone. The next two alcohols 
give the same expansion, together with a proportion 
(small for butanol, large for pentanol) of a much 
larger one. This large expansion increases from 
butanol to pentanol by an amount equal to the 
projected length of two C—C bonds, assuming an 
‘upright’ orientation of the molecules as a whole on 
the graphite layers. Benzyl alcohol fits on the same 
slope, if it is given its ‘effective’ number of aliphatic 
straight-chain carbon atoms. Owing to lack of suitable 
compounds, we have not been able to follow out this 
curve further ; but it seems to indicate clearly that, 
between four and five carbon atoms, the orientation 
of the sorbed molecules changes from being pre- 
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Fig. 1. Butanol and pentanol, in fact, give mixed spacings, 
only the larger one being plotted 


dominantly ‘lying down’ to predominantly ‘standing 
up. 

The alcohols may be supposed to react with the 
interlamellar acidic residues to give alkyl compounds : 
C,H,OH + XOH ~C,H,OX + H,O. When the 
carbon chains are not too long, they can be accom- 
modated in the parallel orientation ; but when longer 
they have to seek another orientation. The observed 
A values for the longer chains correspond to straight- 
chain two-layer complexes of the type C,H,.OX0O.C,Hy,. 
The existence of a mixture of spacings for butanol 
and pentanol may be due to the non-uniform nature 
of the substrate. It is noteworthy that benzyl] alcohol 
(a much more bulky, though not much longer, mole- 
cule than pentanol) gives only the higher spacing. 

The nature of the interlamellar acidic groups is 
not at present known with certainty, though further 
study of these complexes may throw light on it. 
According to R. Franklin’, they would be complex 
anions of the form (OzHy),, but some acid groups 
such as SO,*- are likely also to be present*. 

The amines probably form ionic, instead of homo- 
polar, complexes : for example, ethylamine will give 
C,H,NH,+.OX-. When upright, as apparently in 
the case of isobutylamine, they take up more space 
than the corresponding alcohols, as would be expected 
from the supposed difference in the nature of the 
bond. Aniline is an interesting case: it gives a 
spacing corresponding to an ‘upright’ orientation ; 
but if sorbed from aqueous suspension it gives a still 
higher spacing, which appears to result from the 
introduction of two further layers of water molecules. 
Amines seem to be readily sorbed from aqueous solu- 
tion, but not from benzene solution (in which they 
would not be ionized). 

This work is supported by grants from the 
Consejo Superior de Investigaciones Cientfficas. A 
full account of it will appear in the Anales de Fisica y 
Qutmica. 

J. Cano Ruiz 
Dovetas M. C. MacKwan 
Department of Inorganic Chemistry, 
University of Granada, 
Spain. 
Aug. 26. 
Hofmann, U., Ergeb. exact. Naturw., 18, 229 (1939). Riley, H. L., 

Fuel, 24, 8 and 43 (1945). 

‘Hofmann, U., Frenzel, A., and Csal4n, E., Liebigs Ann. Chem., 

510, 1 (1934). 

* Nagelschmidt, G., J. Sci. Instr., 18, 100 (1941). 
‘ Brauer, G., “Handbuch der praparativen u. anorganischen Chemie”, 

484'(F, Enke Verlag, Stuttgart, 1951). 

‘Franklin, R. E., J. Chim. Phys., 50, C26 (1953). 
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Absorption Spectrum of Benzoquinone 


Tue absorption spectrum of benzoquinone in the 
vapour state between 0° C. and 100°C. in cells 5-100 
cm. long has been photographed with a three-prism 
Steinheil glass spectrograph and a Hilger H 492 
quartz spectrograph. The molecule exhibits three 
systems of absorption—two in the ultra-violet and 
one in the visible region—as does the solution 
spectrum! of the substance. 

That the bands in the ultra-violet form two distinct 
systems with two peaks of maximum intensity at 
about 2500 A. and 2800A. is clear from the low- 
temperature spectrograms. At higher temperatures, 
however, the two systems overlap. The 2500A. 
bands are very diffuse, broad and degraded on both 
sides, whereas the 2800 A. bands are less diffuse and 
are degraded to the red. About a hundred bands 
observed under different experimental conditions in 
this region were measured. The proposed analysis 
of the bands bears this out and shows that both 
systems are due to transitions allowed by symmetry. 
The 2800 A. band-system, however, has its zero band 
relatively less intense. Assuming D,,; symmetry in 
the ground- and excited-states, the two systems 
appear to involve the transitions B,,< Az (2500 A.) 
and Byy <- Ayg (2800 A.). 

The visible bands lie in the region of 4100-5000 A. 
and consist of eight main groups developed at 100° C. 
in a 50-cm. cell, About 175 bands were measured in 
this region, including the twenty-eight bands re- 
ported previously*. These bands are very sharp, 
many of them havingTdouble and triple heads with 
separations of 7 cm.-? and 5 cm.-? between them. 
Some of the bands have a line-like appearance; but 
most of them are degraded towards the violet. One 
marked feature to be noticed is the appearance of 
the companion bands with separations of 36 cm.-? 
lying on the shorter wave-length side of the first 
band of each group. Companion bands also develop 
on the longer wave-length side of the main bands 
at a slightly higher temperature with frequency 
differences of 37 cm.-!, 64 cm.-! and 92 cm.-!. The 
accuracy is within 2 cm.-! for the sharp bands and 
5 cm.-! for the broad bands in this region. 

The analysis of this system offers several diffi- 
culties and interesting features. Treating the benzo- 
quinone molecule as a para di-substituted benzene 
having D,, symmetry which is preserved on excita- 
tion, there is the possibility of the bands being due 
to a singlet-triplet transition*® allowed by symmetry 
but forbidden by spin. The gross structure of the 
bands is, however, best understood when they are 
assigned to a symmetry-forbidden transition made 
possible by a non-totally symmetric vibration (for 
example, 538 cm.-1 in the ground state and 520 cm.-! 
in the excited state). The forbidden transition appears 
to be 14,4 < 4A ,¢ with the zero band at 21,512 cm.-'. 

McMurry* has suggested that the long-wave- 
length absorption in benzoquinone may be similar to 
the characteristic long-wave-length absorption of 
carbonyl compounds, which is due to a forbidden 
transition in which a loosely bound electron occupy- 
ing a non-bonding orbital lying in the molecular 
plane and across the CO direction is excited to a 
higher molecular orbital with a node in the plane. 
The sharpness of the bands and the present analysis 
support this view. The analysis also shows that the 
forbidden character is due to symmetry rather than 
to spin. Further, if the analogy to the carbonyl 
compounds is true, it is clear that there is a shift 
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from the aromatic character of the molecule as 
exhibited in the ultra-violet band systems to the 
aliphatic ketone character as exhibited in its visible 
system. There is evidence to show that this shift 
is gradual in the present case. The companion bands 
on the shorter wave-length side of the main bands 
appear to be due to v,» transitions between vibrations 
of two different types in the two electronic states. 
Details of this work will be published elsewhere. 


R. K. Asunp1 
Rama SHANKAR SINGH 


Department of Spectroscopy, 
Banaras Hindu University, 
Banaras 5. 
Aug. 2. 
1 Braude, J. Chem. Soc., 44, 490 (1945). 
* Seshan, Proc. Ind. Acad. Sci., 3, 172 (1936). 


> Shull, J. Chem. Phys., 17, 295 (1949). 
*MeMurry, J. Chem. Phys., 9, 231, 241 (1941). 


A Coal Seam as a Guide for Seismic Energy 


A DISPERSIVE train of vibrations resembling an 
internal Love wave has been observed during seismic 
experiments in the Mangapehi State Coal Mine, New 
Zealand. The observation is of interest as suggesting 
that coal mines may offer peculiarly favourable 
conditions for the study of this type of wave, and 
also because guided waves may find useful applications 
in mining. 

At Mangapehi a thick seam of sub-bituminous coal 
about 800 ft. deep is mined to a height of 9 ft. in the 
first working. The tests were carried out across a 
panel of solid coal, the shot-point being located in a 
mine sump. Fig. 1 shows the principal components 
of motion produced by a series of 2-0z. shots at a 
distance of 460 ft., as recorded by a portable seismic 
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Fig. 1. Vibrations recorded at 460 ft. from source in Mangapehi 
coal mine. (a) Component parallel to seam and normal to direction 
of shot ; (6) component parallel to seam and in line with direction 
of shot ; (¢) component normal to seam. The upper traces record 
the shot-instant, and timing-lines are at intervals of 10 m.sec. 
The sensitivity of the receiver for (6) and (c) was twice that for (a) 
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Fig. 2. Dispersion of wave-train in Fig. 1,a plotted for comparison 

with that of theoretical Love waves. U is group velocity and 

f frequency. Subscripts 1 and 2 applied to the rigidity modulus y, 

density p, and shear velocity #, refer to the rock and the coal 

respectively. A is thickness of the seam. Observations are plotted 
for h = 17-6 ft., and 8, = 1,900 ft./sec. 


prospecting apparatus. The dispersive wave-train, 
which was the largest vibration recorded, appeared 
on the component parallel to the seam and normal 
to the direction of the shot-point (Fig. la). 

The dispersion of the wave is compared in Fig. 2 
with the relevant portions of theoretical Love wave 
curves, which have been computed for a density 
ratio (rock/coal) of 1-6 and various rigidity ratios’, 
Apart from scatter (which may be attributed to 
other types of wave arriving at the same time), 
satisfactory agreement occurs for a rigidity ratio of 
20 if the thickness of the coal is taken as 17-6 ft. 
and its shear velocity as 1,900 ft./sec. These values 
appear from other data to be approximately correct : 
the seam has been proved to be about 204 ft. thick 
at a point some 650 ft. from the location of the tests ; 
and in an opencast mine at Kimihia, where the coal 
is of similar rank, a compressional velocity of 3,000 ft. 
sec. in the coal has been measured, so that the shear 
velocity would not be very different from that 
indicated above. The large rigidity ratio is also 
corroborated in a general way from the time of travel 
of the first arrival (Fig. 1,6 and c), which implies a 
compressional velocity of about 9,000 ft./sec. in the 
rock. A similar velocity was found in the measures 
under the coal at Kimihia. 

Internal Love waves are propagated in a stratum 
of low shear velocity. Such strata are not uncommon 
in the Earth’s crust, and numerous observations of 
guided waves have been reported*; but detailed 
studies would clearly be aided if observations could 
be made inside the guiding stratum. From published 
observations it seems probable that the shear velocity 
is commonly less in coal than in the coal-measure 
rocks*. The application of seismic pulse techniques 
to mining problems, such as that of locating faults, 
has been hindered by the high rate of attenuation in 
coal. With dispersive waves, however, times of travel 
may be determined from relatively low-frequency 
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energy, Which suffers less attenuation even apart from 
the guiding process. The records of Fig. 1 were 
obtained without electronic amplification. 


F. F. Evison 
Geophysics Division, 
Department of Scientific and Industrial Research, 
Wellington, New Zealand. 
July 13. 


1: Stoneley, R., Proce. Roy. Soc., A, 106, 416 (1924). 

* Gutenberg, B., Geofisica Pura e Applicata, 28, 1 (1954). 

5 Sc are J., Dijkstra, H., and van Krevelen, D. W., Fuel, 
(1954). Inouye, K., Rep. Fuel Research Inst., Japan, eae 
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Electric Strength of Irradiated Polythene 


Tue electric strength of irradiated polythene 
has been measured for material cross-linked by 
exposure to 4-MeV. electrons from a linear accelerator. 
Thin (l-mm.) moulded disks of material (average 
molecular weight, 17,000) recessed to a thickness of 
about 50 microns were irradiated in vacuo with doses 
of 150-300 Mrad , and the electric strength afterwards 
measured with direct voltage, using techniques 
described by Bird and Pelzer’, and Ball*. Control 
results for normal material coincide with those of 
other investigations’ to give curve C of Fig. 1; 
results for the irradiated material are shown by lines 
A and B. The changes in electric strength due to 
irradiation unexpectedly resemble those of Young’s 
modulus for similar material measured by Charlesby 
and Hancock‘. They are quite unlike those expected 
from the theory of intrinsic electric strength’, which 
predicts for the cross-linked material a fall with 
temperature more marked than that of curve C, and 
beginning at a lower temperature. 

One of us (C. G. G.) has shown that curve C above 
60° C. and lines A and B above 80°C. correspond 
not to the intrinsic strength but to a previously 
unrecognized form of breakdown due to mechanical 
deformation. This produces a marked difference in 
the curves for normal and irradiated polythene 
because the modulus of elasticity for the former falls 
to zero at the melting point, whereas the irradiated 
material has a region of entropy-elasticity covering 
at least 100 deg. C. above the normal melting point, 
in which the modulus rises slightly with temperature. 







Apparent electric strength, B« (MV./cm.) 
nw con 
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Fig. 3, 
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The mechanical pressure due to the electric break- 
down stress is large, of the order of E* atmospheres 
(Z in MV./cm.). The thickness of the specimen, 
initially ¢,, therefore decreases as the voltage (V) is 
raised, until either the intrinsic stress (Z;) is reached 
at a reduced thickness ¢, or until (as shown later) no 
stable thickness exists. Exact analysis for recessed 
specimens is impracticable; but the breakdown 
channel is so much smaller than the thin part of the 
recess that the case of a plane slab, laterally uncon- 
strained, with electrodes free to follow the material, 
must be a rough approximation. The equilibrium 
thickness of the slab is given by: 


€ 2 

a G) 
where Y is Young’s modulus and e is dielectric 
constant ; units are c.G.s. and electrostatic. (The 
logarithmic form of the stress-strain relation is used 
because the strains are large.) Since é log (¢,/t) has 
@ maximum value when ?¢/t, = exp —} & 0-6, no 
real value of V can produce a stable value of t/t, 
less than 0-6. If the intrinsic strength has not been 
reached at this value, further increase of V makes 
the thickness unstable, and it collapses, at a critical 
electric stress ; 


Ey = (4nY/e)'!* £.s.v. (2) 


The highest apparent electric strength which can be 
observed is therefore : 


E, = Vit. = (exp —(4)2,) (3) 


If EH; is greater than Hy, the former is unobservable 
by the present technique; if H; is less than Ey, 
intrinsic breakdown occurs. JZ; can then be deduced 
from EH, by means of equation (1) and lies in the 
range E, <H,< (exp 4) Eq. 

This analysis ignores several factors, such as 
possible earlier instability at microscopic areas of 
stress concentration, the dependence of Y on time 
and stress, and plastic flow. These are difficult to 
calculate ; but all tend to a lower value of Y. The 
analysis also applies only to materials sufficiently 
rubber-like to withstand severe distortion without 
fracture. 

Since the compression involved is only 20 microns, 
in an object at high temperature and 
high potential, we have not yet 
attempted to observe it directly. 

Values of Y for irradiated polythene 
are given in Fig. 4 of ref. 4, one dose 
unit of this figure corresponding 
roughly with 100 Mrad. The values 
are only roughly correct for our speci- 
mens, since none of the experimental 
factors is exactly similar. For normal 
material, the values of ref. 4 and those 
of the makers differ by a factor of 4; 
we have taken the smaller (the makers’) 
as nearer to our conditions of large 
strain. Breakdown values calculated 
from these data, using equation (3), are 
compared with observed values in 
Table 1, with as good agreement as 
could be expected from the data. 
The minimum calculated intrinsic 
strength for the 300 Mrad. material is 
6-3 MV./cm. up to 220° C., and shows 
no evidence of fall with tempera- 
ture. 


mt Y log © (1) 
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200 
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Table 1 
Dose Temp. Y x 10-’ | Ea (MV./cm.) Ey (MV./cm.) 
| (Mrad.) (°C.) | (dynes/em.*)| Cale. Obs. Cale, from Ee 
| | (obs. ) 
| 150 | 150 2-5 22 | 24 Ta 
| 300 150 | 5 3-1 3-3 | 6:3 
Nil 60 | 18 58 5-0 5-9f 
| Nil 80 | 9 4-1 3-2 53 
Nil | 100 | 5* 3-1 1-5 2-5 
* Uncertain due to plastic flow. 
+ Value calculated from equat. (1), intrinsic breakdown being 


reached before the critical stress of equat. (2). 


It may be remarked that tests with fixed electrodes 
would not eliminate the mechanical pressure, since 
at these high electric stresses field-emission readily 
occurs, and the charges which are subject to the 
electrostatic force are on the surfaces of the 
dielectric. 

Further confirmation of the new mechanism has 
been obtained from existing data on polyisobutylene. 
The rapid change in electric strength* near — 40° C. 
is accurately predictable from the corresponding 
change in the modulus of elasticity*. 

For several other thermoplastics previously 
measured, EH, (from equation (3) ) should lie, for room 
temperatures, between 10 and 100 MV./cm., so that 
observed values of intrinsic strength between 5 and 
10 MV./em. are presumably genuine, but with no 
large margin between E; and Ey. It is possible that 
a material of high dielectric constant, and therefore 
subject to exceptionally high compressive stress, 
may fail by fracture even at low temperatures. All 
existing data on thermoplastics above room tempera- 
ture must certainly be suspect. 

We are indebted to the Metropolitan-Vickers 
Electrical Co., Ltd. (Radiation Laboratory), for 
irradiation of specimens, and to the Director of the 
Electrical Research Association for permission to 
publish the results. 


K. H. Starx 
C. G. GaRTON 


Electrical Research Association, 
5 Wadsworth Road, 
Perivale, Middlesex. 

Aug. 5. 


a > W., and Pelzer, H., Proc. Inst. Elect. Eng., 96, Part 1, 44 
49). 

* Ball, I. D. L., Proc. Inst. Elect. Eng., 98, Part 1, 84 (1951). 

* Oakes, W. G., Proc. Inst. Elect. Eng., 96, Part 1, 37 (1949). 

*Charlesby, A., and Hancock, N. H., Proc. Roy. Soc., A, 281, 245 


(1953). 
5’ Whitehead, 8., “Dielectric Breakdown of Solids” (Oxf. Univ- 
Press, 1951). Frdéhlich, H., Proc. Roy. Soc., A, 188, 521 (1947). 


Frohlich, H., E.R.A. Report Ref. L/T169. 
* Moll, H. W., and LeFevre, W. J., Indust. and Eng. Chem., 40, 2172 
(1948). 


An Electronic Computer for the Evaluation 
of Results of Filter-Paper Electrophoresis 


WeE have described previously! an_ electronic 
apparatus for scanning filter-paper electrophero- 
grams, whereby curves showing the distribution of 
separated components are caused to appear on the 
cathode-ray tube of an oscilloscope. It has been 
used so far mainly for the analysis of mixtures of 
proteins. 

The purpose of the present communication is to 
report upon the further development of the apparatus 
by the incorporation of an electronic integrator, 
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Fig. 1 


which permits the rapid and accurate evaluation of 
the area enclosed under the whole or any selected 
part of such a distribution curve. By this means the 
quantity of each of the components corresponding 
to the separate peaks on an electropherogram, ex. 
pressed as a percentage of the total material, can 
be read directly from a meter. 

The basic system includes a well-stabilized power 
supply, an optical system and a metal drum on which 
is fastened the filter paper (30 cm. x 4 cm.) with 
the stained serum proteins. The drum is rotated 
and the paper illuminated with a narrow beam of 
light (0-5 mm. xX 38 mm.). The reflected light from 
the filter paper is collimated on to a photomultiplier 
(RCA-931A). The current generated by the photo- 
multiplier is passed into a special synchronizing 
circuit in order to obtain a steady picture of the 
distribution curve on a cathode-ray tube. The latter 
is used only as a visual indicator during the opera- 
tions involved in actual evaluation. 

To this basic system has been added a correcting 
exponential amplifier (cf. Beer-Lambert law), the out- 
put of which is fed into an electronic integrator and 
also into the cathode-ray tube in order to produce 
the ordinate. Since the Beer-Lambert law has been 
found to apply, the height of the curve represents 
directly the dye concentration at any given point 
along the filter paper without any further corrections. 
A typical distribution curve (or ordinate) for a 
normal rabbit serum is represented in Fig. 1. The 
accompanying photographs illustrate briefly the prin- 
ciples of the computation. 
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Figs. 4 and 5 


On a filter-paper strip there were applied two 
bands each with 0-01 ml. of a 6-5 per cent solution 
of purified human albumin. The strip was then 
subjected to electrophoresis for a short time, and the 
protein was stained with amido-black 10B. The 
curve shown in Fig. 2 is the result of the scanning of 
this strip by the instrument. The straight base-line 
under the distribution curve is produced electronically. 
The level of this line corresponds to the lowest por- 
tions of the distribution curves, that is, to those 
regions of the filter-paper strip where no protein is 
present. With the aid of a controlling potentiometer, 
the lowest point of any curve produced can be 
adjusted to the base-line level. By means of a sensit- 
ivity adjustment, the area between the distribution 
curve and this base line, which in Figs. 2 and 3 is 
shown by thicker lines, is adjusted to a reading of 
100 on the meter. The setting of the sensitivity con- 
trol necessary to make this adjustment can, by suit- 
able calibration, provide a measure of the total 
amount of dye bound to the protein, provided that 
a standard method of staining and decolorization 
is used. 

Two phantastrons enable any portion of the curve 
to be selected for electronic integration. The reading 
on the linear scale of the meter then gives directly 
the percentage of the total stained material repres- 
ented by this section of the curve. Fig. 4 demon- 
strates this procedure applied to the results shown 
in Fig. 2. The part of the curve selected appears 
as a thicker line. The reading of the meter will then 
give the percentage of the whole area which is under 
this part of the curve. 

Fig. 5 similarly illustrates the evaluation of the 
beta globulin of the serum pattern shown in Figs. 1 
and 3. These examples demonstrate that, with the 
aid of the instrument, the separated proteins on the 
filter-paper strip can be evaluated directly in per- 
centages of the total protein «without further treat- 
ment of the paper or mathematical operations on 
the data. About two minutes are necessary to per- 
form a complete evaluation of one strip. 

This project was supported by grants awarded by 
the Department of National Health and Welfare and 
the National Research Council. We thank the late 
Dr. D. T. Fraser, Dr. Frieda Fraser and Dr. M. H. 
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Brown for their help and encouragement, and 
Dr. O. Smithies and Dr. C. 8. Hanes for help in the 
preparation of this communication. 
M. D. Pouttk 
L. PrntEeric 
Department of Hygiene and Preventive Medicine, 
University of Toronto, 
Toronto, Ontario. Sept. 9. 


1 Pinteric, L., and Poulik,” M. D., Can. J. Pub. Health, p. 163 (April 
1954). 


Detection of Labile Photochemical Free 
Radicals by Paramagnetic Resonance 


Previous applications of the method of para- 
magnetic resonance to the detection of labile free 
radicals have been restricted to those stabilized by 
permanent trapping in polymers! or plastic films* 
at room temperature or those produced by y-irradia- 
tion*. Measurements have now been made on radicals 
formed photochemically by ultra-violet irradiation of 
solutions frozen at liquid-oxygen or nitrogen tem- 
peratures, The radicals can be preserved for some 
hours at the low temperature, but their high reactivity 
is demonstrated by the rapid disappearance of the 
paramagnetic resonance signal on warming. The 
method of trapping free radicals by photolysis in 
rigid glasses at liquid-nitrogen temperature has been 
described by Norman and Porter‘, who used ultra- 
violet absorption spectroscopy to detect and identify 
the photochemical products. We have investigated 
several of the compounds used by Norman and Porter, 
and in addition we have demonstrated the production 
of free radicals in systems where they have not been 
previously observed. 

The paramagnetic resonance apparatus was of 
standard crystal-video detection type operating at 
3-2 em. wave-length. The resonator, working in the 
H,,, mode, was specially designed so that the samples 
could be inserted along the central axis while still 
cooled to liquid-nitrogen temperature. The signals 
obtained were displayed on the screen of an oscillo- 
scope. The solutions were frozen in small thin-walled 
silica tubes and irradiated at the temperature of 
liquid oxygen or nitrogen with light of wave-length 
254 or 366 my. All solvents were spectroscopically 
pure and when irradiated under identical conditions 
produced no detectable paramagnetic resonance 
absorption. Using radiation of wave-length 254 my 
and liquid nitrogen, paramagnetic resonance absorp- 
tion corresponding to free radicals was detected in 
the following substances: ethyl iodide, toluene, 
benzylamine, benzyl chloride and benzene in selution 
in P.HeH‘; toluene in solution in E.P.A.‘; 
hydrogen peroxide in water; oxalato complexes of 
the ferric, cobaltic and uranyl ions in ether—alcohol— 
water mixtures. Free radicals were also produced 
from the oxalato-ferric solutions at both liquid- 
oxygen and liquid-nitrogen temperature by irradia- 
tion with light of wave-length 366 my. The presence 
of air did not appear to affect the formation of free 
radicals. 

Fig. la shows the absorption line obtained from a 
mixture of hydrogen peroxide and water. This had 
ag value of 2-01 + 0-01 with a width of 20 gauss 
and an intensity corresponding to approximately 
10'* free radicals. Although the vapour-phase photo- 
decomposition of hydrogen peroxide leads to the 
production of hydroxyl radicals, no direct observa- 
tion of its trapped photolysis products has previously 
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Fig. 1. Paramagnetic resonance absorption observed after ultra- 

violet irradiation at low temperature. (a) 40 per cent hydrogen 

peroxide in water. (6) Ethyl iodide in hydrocarbon mixture. 

(c) Oxalato-ferric chloride in ether-alcohol containing 8 per cent 

water (low homogeneity of field). (d) Oxalato-ferric chloride in 

ether-alcohol containing 10 yi —_ water (high homogeneity 
0 e ) 


been made. The radicals were found to be quite 
stable at liquid-oxygen temperature but disappeared 
after storage for a few minutes at the temperature 
of solid carbon dioxide. 

A typical signal obtained from irradiated ethy] 
iodide solution is shown in Fig. 1b. Neither iodine 
atoms nor ethyl radicals have previously been 
directly observed in this reaction, although the 
presence of iodine atoms has been inferred from the 
fact that the colour of the iodine molecule appears on 
warming irradiated glasses containing ethyl iodide‘. 
The positive results obtained with toluene, benzyl- 
amine and benzyl chloride are also of particular 
interest in view of the spectroscopic evidence’, which 
indicates that all three substances give rise to the 
same labile compound identified by Norman and 
Porter as the benzyl radical. 

An oxalate radical has been postulated as the 
primary product in the photo-decomposition of ferric— 
oxalate solutions’, and in view of the high and nearly 
constant quantum yield extending to 510 my‘, the 
possibility was investigated of producing and trapping 
the hypothetical radical by the use of comparatively 
low-energy radiation. Fig. ld shows the signal 
obtained (with high homogeneity of field) from a 
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solution of monoxalato-ferric chloride in et)jor. 
alcohol containing 10 per cent of water after irradia. 
tion in liquid oxygen with light of wave-length 
366 my. A marked triplet structure is apparont 
which is attributed to proton interaction. On this 
basis the radical is tentatively identified as HUO, 
or HC,O,. Free-radical absorptions were observed 
in other oxalato-ferric solutions of varying com. 
position, in all of which the monoxalato complex was 
the predominating species. Fig. lc shows a typical 
absorption obtained with field homogeneity com. 
parable with that used in the examination of the 
other compounds. A prominent feature of the 
irradiation of frozen ferric—-oxalate solutions was the 
rapid formation of an orange-brown colour which 
disappeared on warming. The intensity of the colour 
was not directly related to the concentration of free 
radicals. It was produced in all the solvent mixtwires 
investigated, including water only, and was particu- 
larly intense in solutions containing the trioxalato. 
ferric complex under conditions when no free radicals 
could be detected. The brown colour and its relation 
to the radical are the subject of a separate invest- 
igation. 

Further work is planned using phase-sensitive 
detection and better field homogeneity, when the 
fine structure of the spectra should be more clearly 
resolved. ; 

This communication is published by permission of 
the Admiralty. 

D. J. E. Incram 

Department of Electronics, 

University of Southampton. 

W. G. Hopeson 
C. A. Parker 
W. T. REEs 
Admiralty Materials Laboratory, 
Holton Heath, 
Poole, Dorset. 
Oct. 10. 
? Fraenkel, G. K., Hirshon, J. M., and Walling, C., J. Amer. Chem. 
Soc., 76, 3606 (1954). Bamford, C. H., Jenkins, A, B., Ingram, 
D. J. E., and Symons, M. C. R., Nature, 175, 894 (1955). 
* Bijl, D., and Rose-Innes, A. C., Nature, 175, 82 (1955). 
* Matheson, M. 8., and Smaller, B., J. Chem. Phys., 23, 521 (1955). 
* Norman, I., and Porter, G., Proc. Roy. Soc., A, 230, 399 (1955). 
* Parker, C. A., Trans. Farad. Soc., 60, 1213 (1954). 


s ames, ©. A., Proce. Roy. Soe., A, 220, 104 (1953), and unpublished 
work. 


Discrepancy between the Spectro-Isotopic 
and the Mass-Spectrometric Results for 
the Natural Abundance Ratio of the 
Lithium Isotopes 


THE determination of the natural abundance ratio 
of the lithium isotopes lithium-6 and lithium-7 by 
spectroscopic measurement of the ratio of the line 
intensities of the isotopic components of the 6708 A. 
resonance line has given results not in agreement with 
the mass-spectrometric figure. A summary of the work 
in both fields up to 1951 has been given by Baldock 
and Patton!. In subsequent work on the spectro- 
isotopic assay, Stukenbroeker, Smith, Werner and 
MeNally* calibrated the optical determination by 
samples analysed mass-spectrometrically and showed 
that the method could yield a 2c precision of slightly 
more than 1 per cent using photographic recording. 

A very thorough and careful investigation by 
Brody, Fred and Tomkins*, in 1954, using both 
Fabry-Perot étalons and a 30-ft. Paschen—Runge 
spectrograph and employing direct recording, gave & 
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result of 13-5 + 0-2 for the natural abundance ratio. 
Full correction was for the first time made for self- 
absorption, but no mass-spectrometric results on the 
sample of lithium sulphate were quoted. 

One of us (R.P.T.) has just completed a de- 
termination of the natural abundance ratio using 
Fabry-Perot étalons and photographic recording. 
The investigation differed only in detail from the 
American work of the previous year and yielded a 
similar result, namely, 13-5 + 0-3. The lithium 
sulphate sample used had been examined by the mass 
spectrometer and a ratio of lithium-7 to lithium-6 of 
12-2 + 0-1 was found. No absolute calibration of 
the mass spectrometer has been yet carried out. 

It was then realized that no correction had been 
made on the peak line intensities measured for the 
lines of the two isotopes. 

According to White‘, the intensity at any point 
on the intensity frequency contour for the Doppler 
broadening of a spectral line is given by : 


No, 4495 


I(v) = constant x xP sar : a (v — v,)* 
ce 


where »p is nuclear mass, v, is peak frequency, c is 
velocity of light, R is gas constant and 7' is absolute 


temperature. 
From this: 
I(v) maximum = ‘constant’, 
and the total integrated intensity : 
[tay = 1(>) max. on“, [PRP 
rv 
= I(v) max. 1-772 %¢ , [282 
¢ u 


For two isotopic lines, where the total emitted 
energy is equal and the two lines correspond to the 
same pair of initial and terminal term-levels, the 
values of Imax., that is, peak intensity, will be pro- 
portional to the square roots of the isotope masses ; 


for example, 
Imax.“Li _ od 6 
Imax.’ Li 7 


The abundance ratio,(7Li/*Li) based on the observed 
peak intensities of the isotope lines will therefore be 
4/7/+/6 of the true ratio, and a correction equal to 
the reciprocal of this, namely, +/6/4/7, should be 
applied to the observed abundance ratio. 

When this correction was applied, the corrected 
natural abundance ratio was 12-5 + 0-3, a result in 
very close agreement with the mass-spectrometric 
figure, and the mean of which lies within the range 
of 12-4-12-9 quoted by Cameron® for commercially 
prepared lithium salts. 

It might now be said that the discrepancy between 
the spectroscopic and mass-spectroscopic determina- 
tions of the natural abundance ratio of the lithium 
isotopes has been reduced to the magnitude of the 
experimental errors of the two methods. 

A search of the literature has shown that only in 
a very complete and precise investigation on boron 
by Mrozowski* has this Doppler correction been 
applied to the spectroscopic determination of natural 
abundance ratios. 

Although a method has been worked out for the 
spectroscopic determination of the ratio of deuterium 
to hydrogen by Broida’, conditions in the high- 
frequency discharge used are so complex that it is 
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not possible to apply the large Doppler correction 
(1/4/2) ; but it is of interest that the critical pressure 
at which the measured ratio equals the mass-spectro- 
metric ratio varies as +/D,/H,. 

The isotope shift of the helium-3 and helium-4 
isotopes has been measured by Fred et al.§ but no 
line intensities are quoted. 

This correction should apply significantly to the 
atomic line spectra of carbon (4/12/13), oxygen 
(4/8/9) and neon (4/10/11), in addition to the elements 
quoted above. 





A. H. GrLireson 
R. P. THORNE 
Emission Spectroscopy Group, 
Atomic Energy Research Establishment, 
Harwell, Berks. 
Aug. 8. 
1 Baldock, R., and Patton, J. R., unclassified document Y-758 (1951). 
? Stukenbroeker, G. L., Smith, D. D., Werner, C. K., and McNally, 
jun., J. R., J. Amer. Chem. Soc., 42, 383 (1952). 
* Brody, J. K., Fred, M., and Tomkins, F. 8., Spectrochimica Acta, 
6, 383 (1954). 
‘ White, H. E., “Introduction to Atomic Spectra’, 420 (McGraw- 
Hill, 1934). 
’ Cameron, A. E., “The Natural Abundance of Lithium Isotopes’, 
unclassified document K-1168 (1954). 
* Mrozowski, 8., Z. Phys., 112, 223 (1939). 
’ Bree P., and Morgan, G. H., unclassified document, KAPL-500 
8 ar Tomkins, F. S., and Brody, J. K., Phys. Rev., 75, 1772 
). 


Radioactivity in Quartz Inclusions 


THE method used by Ford and Ollier for recording 
the «-radioactivity of zircons'! has served also to 
detect similar radioactivity in quartz inclusions. 

The spherical cavities found in some specimens of 
quartz, of diameters ranging from 10 to 300 microns, 
are known to contain liquid and carbon dioxide gas? ; 
but it is of interest to observe that some contain 
radioactive elements also. 

A quartz microscope slide was covered with a film 
of Ilford C2 photographic emulsion 50p thick, and 
left for six months. After processing, certain cavities 
favourably placed with respect to the emulsion 
revealed tracks of «-particles. Into cavities in the 
surface, exposed during manufacture of the slide, 
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Fig. 2 


emulsion had flowed (Fig. 1). Others, remaining 
intact just below the quartz surface, were near 
enough to the emulsion to send «-particles into it 
(Fig. 2). In one of the exposed cavities forty-two 
tracks of «-particles were counted. The longest, 
measuring more than 40, must have been emitted 
by a thorium C’ nucleus. 

It is of interest to reflect that the interior of a 
quartz inclusion is apparently one of the rare places 
in the world where a whole radioactive series is in 
equilibrium. 

H. E. HuntiEy 
Physics Department, 
University College of the Gold Coast, 
Achimota, Gold Coast. 
Nov. 10. 


1Ford and Ollier, Nature, 176, 4487 (1955). 
? Dana, “Text-book of Mineralogy”’. 


Definition of the Second of Time 


Sm Epwarp Bvuttarp! solicits views on the 
desirability of abandoning the astronomical second 
for the most refined physical measurements, in view 
of the high precision® of atomic frequency standards. 
He suggests instead a ‘physical second’, to be defined 
in terms of the natural period of the cesium atom, 
the advantage being that the physical second would 
be more immediately available than the astronomical 
second in cases where the highest precision is sought. 
The purpose of this communication is to direct atten- 
tion to two consequences that should be well under- 
stood before the astronomical second is abandoned 
by physicists. I leave aside the question of desirability, 
on which views are certain to differ, because the 
change is desirable from some points of view and 
undesirable from others. 

Many physicists have abandoned the metre as a 
standard of length and rely instead on the wave- 
length of a specified line of cadmium or mercury. 
For convenience, and in order to preserve the dis- 
tinction between the two standards of length, it has 
been proposed (and for all I know may have been 
generally agreed) that the wave-length of the specified 
line stated in microns should be held fixed, the number 
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of microns in a metre being subject to experinwnta] 
determination. To my mind, this convention is an 
admirable one. 

In abandoning the astronomical second foi the 
physical second, physicists would be proceeding in an 
entirely analogous way; and I think it would be 
advisable to abandon the word ‘second’, substit ting 
a new word that would stand for a unit of time having 
an absolutely fixed relation to the natural frequency 
of the cesium atom, being very nearly a small aliquot 
part of a second, the exact relation being sulyject 
to experimental determination. 

The first of the consequences to which I wish to 
direct attention is that by using the atom at once as 
a standard of length and of frequency the units of 
length and of time lose their independence ; wave. 
lengths and frequencies have a fixed relation to each 
other, the product of the two being the velocity of 
light. Hence it is of the utmost importance that the 
new units should not be exclusively employed; 
atomic wave-lengths must be compared with the 
metre from time to time, and atomic frequencies 
must be compared with the astronomical second. To 
fail to do so would be unnecessarily to restrict the 
science of physics at its very foundations, by assuming 
what can only be verified by experiment. For this 
idea I am indebted to Prof. Jan Schilt, of Columbia 
University. 

The second consequence arises from the fact that 
an atom, while it undoubtedly gives an excellent 
natural standard of frequency, is not a natural 
clock. It is probable that two cesium standards 
built to the same specifications on opposite sides 
of the Atlantic would run at the same frequency ; 
but if each were made to control the hands of 
a clock through a suitable mechanism, the two 
clocks would not indicate the same time (epoch). 
Even if they could be brought to the same time with 
enough precision to satisfy astronomers and geodesists 
—which is doubtful—if both should stop it would be 
impossible on starting them again to determine how 
much time had been lost. For actual timekeeping 
it will be necessary, as in the past, to rely on better 
mechanisms than man-made ones. The consequence, 
then, of adopting the new ‘physical second’ would be 
to use one second for measurements of frequency 
and another for actual timekeeping. 

I remark, by the way, that Bullard is unnecessari|\ 
pessimistic about the reduction of the errors of 
astronomical observations by repetition ; the system- 
atic errors in star places and the differential refraction 
are not important limitations when periods of a year 
or more are considered. My own estimate is that with 
four dual-rate cameras observing the Moon, an 
accuracy of 1 in 10° in time and frequency derived 
from astronomical observations can be attained in 
a year, and probably 1 in 10" in five years. But 
Bullard’s argument is not affected by thesc estimates. 

It is to be hoped that before specifying the new 
unit of time, physicists will be willing to wait for 
the end of the International Geophysical Year, by 
which time a good number of observations of the 
Moon will have been made, and to compare atomic 
standards with astronomical ones assiduously in the 
meantime. 

G. M. CLEMENCE 


U.S. Naval Observatory, 
Washington 25, D.C. 
Sept. 21. 


1 Bullard, E, C., Nature, 176, 282 (1955). 
* Essen, L., and Parry, J. V. L., Nature, 176, 280 (1955). 
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FORTHCOMING EVENTS 


Wednesday, December 28—Saturday, December 31 


ScIENCE MASTERS’ ASSOCIATION (at the Royal College of Science, 
Imperial Institute Road, South Kensington, London, 8.W.7). —Annuai 


Meeting. 


Wednesday, December 28 

At 8 p.m. (in the Courtauld Hall, Queen Elizabeth College, Campden 
Hill Road, Kensington, London, W.8 8)—Sir Edward Salisbury, F.R.S. : 
“Science and Education” (Presidential Address). 


Friday, December 30 
RoYAL Society oF ARTS (at John Adam Street, Adelphi, London, 
W.C.2), at 2.30 —Mr. A, W. Marshall: ‘‘How Clocks and Watches 
Work” (Juvenile Lecture). 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT LECTURER (with a good honours degree or Associateship 
of the Royal Institute of Chemistry, and with research and/or indus- 
trial experience) IN CHEMISTRY, at the Technical College of Monmouth- 
shire, Crumlin—The Director "of Education, County Hall, Newport, 
Mon. (December 30). 

ASSISTANT LECTURER (male, single, with a university degree or 
diploma in horticulture and a sound knowledge of practical horti- 
culture) IN HortTICULTURE—The Principal Agricultural Officer, 
Lancashire County Institute of Agriculture, Hutton, near Preston 
(December 31). 

SCIENTIFIC OFFICER (honours graduate, with qualifications and 
research training or experience in microbiology or biochemistry or 
both) for work on the nutrition of marine micro-organisms and 
plankton, with particular reference to the role of vitamin B,,—The 
secretary, National Institute for Research in Dairying, Shinfield, 
Reading (December 

ASSISTANT EXPERIMENTAL OFFICER (with G.C.E, (advanced) or 
pass degree, or equivalent qualification) for laboratory and field work 
in plant pathological research on potato diseases—Officer in Charge, 
(gricultural Research Council, Potato Storage Investigation, c/o School 
of Agriculture, Sutton Bonington, Loughborough (January 1). 

ELECTRONICS TECHNICIAN (with experience in pulse techniques and 
in design, construction and general maintenance of equipment used in 
nuclear research) to take charge of the electronics laboratory, work- 
shop and stores in the Research School of Physical Sciences, Australian 
National University, Canberra, Australia—The Secretary, Association 
of Universities of the British Commonwealth, 36 Gordon Square, 
London, W.C.1 (January 6). 

ASSISTANT (with a degree in electrical engineering, and preferably 
with some research or industrial experience) IN THE DEPARTMENT OF 
ENGINRERING—The Secretary, The University, Edinburgh (Janu- 
ary 15, 

Cc + or CHEMICAL ENGINEERS (with a good honours degree in 
chemistry or chemical engineering) for research on the processing of 
liquid and gaseous by-products obtained during novel methcds of 
coal earbonization—The National Coal Board, Coal Research Estab- 
lishment, Stoke Orchard, near Cheltenham, Glos, quoting Ref, No. 
$5/138 (January 17). 

ASSISTANT LECTURER (graduate in ame. chemistry, metallurgy, 
biology or engineering) IN DENTAL MATERIALS—The Registrar, The 
University, Manchester 13 (January a 

LECTURER or SENIOR LECTURER IN THE DEPARTMENT OF ELECTRONIC 
ENGINEERING, and a LECTURER IN THE DEPARTMENT OF ELECTRIC 
PoWER ENGINEERING—The Registrar, The University, Liverpool 
(Januaty 21). 

SCHOLAR (with a good honours degree in physics) IN THE GEO- 
PHYSICAL AND METEOROLOGICAL SECTION of the School of Cosmic 
Physics—The Senior Clerk, Dublin Institute for Advanced Studies, 
64 Merrion Square, Dublin (January 21). 

LECTURER (with a first-class honours degree in mathematics, prefer- 
ably with a special interest in some branch of applied mathematics 
or statistics) IN MATHEMATICS—The Registrar, College of Technology, 
Manchester 1 (January 23). 

CoAL SURVEY OFFICER. Principal Technical Officer or Senior 
Technical Officer grade (with a university degree in science, — 
science or fuel technology, or equivalent qualifications, with experience 
in collection of samples and the complete analysis of coal), in the 
Coal Research Section, Commonwealth Scientific and Industrial 
Research Organization, Delhi Road, North Ryde, New South Wales, 
Australia, to organize and supervise the collection, preparation, test- 
ing and chemical analyses of coal samples—Chief $ scientific Liaison 
Officer, Australian Scientific Liaison Office, Africa House, Kingsway, 
London, W.C.2, quoting 480/152 (January 2 8). 

CHAIR OF PATHOLOGY—The Registrar, The University, Leeds 2 
(January 31). 

LECTURER (with an honours degree in engineering) IN MECHANICAL 
ENGINEERING—The Registrar, King’s College, Newcastle-upon-Tyne 
(January 31). 

LECTURER (with qualifications in theoretical physics) IN PHyYsiIcs 

-The Secretary, Queen’s University, Belfast (January 31). 

PHYSICISTS @ (with at least a second-class honours degree in 
physies and preferably with some research experience) for work on 
the electrical and optical properties of non-metals—The Professor of 
Physics, The University, Reading (January 31). 

RESEARCH ASSISTANT (with a university degree in an engineering 
or physical science) IN CHEMICAL ENGINEERING, and a LECTURER 
(preferably with a university degree in engineering or in a physical 
science) IN CHEMICAL ENGINEERING—The Registrar, King’s College, 
Newcastle-upon-Tyne (January 31). 
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READER IN EXPERIMENTAL Puysics at Royal Holloway College, 
Englefield Green, Surrey—The Academic Registrar, University of 

London, Senate "House, London, W.C.1 (February 

LECTURER or ASSISTANT LECTURER (with special interests in physico- 
organic chemistry) IN CHEMISTRY—The Secretary, The University, 
Exeter (February 11). 

CHAIR OF APPLIED PHYSICAL CHEMISTRY—The Faculty of Engineer- 
ing, The University, Alexandria, Egypt (February 15). 

LECTURER (with experience in the field of electronics or radio 
communications) IN ELECTRICAL ENGINEERING at the University of 
Melbourne, Australia—The Secretary, Association of Universities of 
the British Commonwealth, 36 Gordon Square, London, W.C.1 
(Australia, February 28). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS 
CHEMISTRY, CHEMISTRY, OHEMOTHERAPY, ENGINEERING, METALLURGY 
PHARMACOLOGY, PHYSICS, and subjects allied to chemistry and physics 
—The Academic >, Registrar, University of London, Senate House, 
London, W.C.1 (A 30). 

ASSISTANT, Grade A (with B.Sc. or A.R.I.C.), AT COVENTRY TECH- 
NICAL COLLEGE, to teach chemistry mainly for O.N.C. and Inter. 
st eae as Director of Education, New Council Offices, 

‘oventry. 

ASSISTANT EXPERIMENTAL OFFICERS (at least 20 years of age, and 
with H.S.C. in science subjects, or equiva‘ent qualifications) IN THE 
HEALTH PuHysics DIVISION, to assist in the control of radiation hazards 
in a variety of laboratories and engineering Se involving a 
very wide range of radioactive materials—The Establishment Cfficer, 
U.K. Atomic Energy Authority, Atomic Energy Research Establish- 
ment, Harwell, Didcot, Berks, quoting Ref. 459. 

ASSISTANT EXPERIMENTAL OFFICERS (with at least H.S.C. in science 
subjects or equivalent qualifications, and preferably with experience 
of industrial water treatment techniques) IN THE ENGINEERING 
SERVICES DIVISION, to carry out the more precise analytical work 
needed for the chemical service to new water moderated reactors, and 
to supervise less qualified staff; and (b) to operate a chemical service 
for novel experiments connected with the development of new reactors 
—The Establishment Officer, United Kingdom Atomic Energy 
Authority, A.E.R.E., Harwell, Didcot, Berks, quoting Ref. No. 462. 

ASSISTANT TRIALS OFFICER (with a degree in botany or agriculture 
or equivalent qualification, with practical experience in crop pro- 
duction) to work at Seale-Hayne Agricultural College, Newton Abbot, 
Devon, and Leeds University Farm, Headley Hall, Yorks—The 
Secretary, National Institute of Agricultural Botany, Huntingdon 
Road, Cambridge. 

MATHEMATICIANS (2) (with an honours degree) for research con- 
cerned with practical numerical problems capable of solution on 
computers, and involving work on such problems on machines avail- 
able to the Corporation—The Secretary, National Research Develop- 
ment Corporation, 1 Tilney Street, London, W.1 

Puysicists and ELECTRICAL ENGINEERS, Scientific Officer or 
Experimental Officer grade, at a Ministry of Supply Armament 
Research and Development Establishment, near Sevenoaks, Kent, 
for (a) experimental design, development and operation of physical 
measuring apparatus, and (b) research and development work on 
weapon systems, in rticular fuse techniques—The Ministry of 
Labour and National $ nena, Technical and Scientific Register (K), 
26 King Street, London, 8.W.1, quoting A.452/5A/MF. 

RESEARCH ASSISTANT (with a'B. . degree, preferably with honours 
in chemistry) to assist with a research ‘project of an organic/biochemical 
nature—The Secretary, ene gs poe I and Chemistry partment, 
oy 8 Hospital Medical School, London Bridge, London, S.E.1. 

ESEARCH OFFICER (with a university degree in forestry, ora univer- 
sity degree in botany and a diploma in forestry) IN THE DEPARTMENT 
OF FOREST RESEARC ederation of Nigeria, to carry out sylvicultural 
investigation, chiefly the highest forest regions of the Federation, 
but with a possibility of work in the savannah regions also— The 
Director of Recruitment, Colonial Office, Great Smith Street, London, 
8.W.1, quoting BCD. 61/14/06. 

TECHNICAL LIBRARIAN (female, with previous experience in tech- 
nical library work, a science degree or recognized qualification in 
librarianship, or both) for the Director of Research, 55 Broadway— 
The Recruitment and Trainirg Officer Sal 557), London Transport 
Executive, 55 Broadway, London, 8.W.1 


IN Bio- 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Philosophical Transactions of the Royal Society of London. Series 
A: Mathematical and Physical Sciences. No. 944, Vol. 248 (29 Sep- 
tember, 1955): Large Elastic aye ge of Jsotopic Materials. 
10: Reinforcements by Inextensible Cords. By J. E. Adkins and R. S. 
Rivlin. Pp. 201-223. (London: Royal Society, 1955.) 7s. 6d. net. [310 

Discovery Reports. Vol. 27, Pp. 30 ae a ee 19: Alepisauroid 
Fishes. By N. B. Marshall. 12s. 6d. net. ol. 27 Se ig 
Euphausiacea of the Benguela Current. First Survey R.R.S. 

, March, 1950. By Brian P. Boden. 12s. 6d. net. (Cemuriing 
at the ame? Press, 1955. Issued by the National a of 
cean ) 310 
Bulletin Af tne British Museum (Natural History Ty). Geology. Vol. 2, 
No. 7: The Schizaeaceae of the South of England in Early Tertiary 
Times. By Marjorie E. J. Chandler. Pp. 291-314 +plates 32-88. 15s. 
Vol. 1, No. 7: Some Himalayan Fungi. By Frances L. Balfour- 
pone. rE 187-218. 10s. (London: British Museum batter 77 

story), 

General oe Office. The Registrar General’s Quarterly Return 
for England and Wales. Births, Deaths and Marriages; Infectious 

Diseases ; Weather; Population Estimates. Quarter ended 30th June, 


1955. Pp. 24. (London: H.M. Stationery Office, 1955.) 1s. 6d. net. [310 
University of London. . University Coll Calendar, 1955-56. Pp. 
Ixiv+506. (London: University College, London, 1955.) [310 
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University of Bristol. The Annual Report of the Agricultural and 
Horticultural Research Station (The National Fruit and Cider Institute), 
Long Ashton, Bristol, 1954. Pp. 207+13 plates. (Long Ashton : 
Agricultural and Horticultural Research Station, 1955.) 15s. [310 

Transac Vv 


tions of the Royal i 
(No. 18): The Geochemistry of the Charnockite Series of Madras, 
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